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FOREWORD 

This  report  is  the  second  part  of  the  second  volume  of  a  nine-volume  study  entitled 
Evaluation  of  Military  Field-Water  Quality.  The  first  and  third  parts  of  this  volume 
address  organic  chemical  contaminants  and  inorganic  chemicals  and  physical  properties, 
respectively.  Titles  of  the  other  volumes  are  as  follows:  Vol.  1,  Executive  Summary; 
Vol.  3,  Opportunity  Poisons;  Vol.  4,  Health  Criteria  and  Recommendations  for  Standards: 
Vol.  5,  Infectious  Organisms  of  Military  Concern  Associated  with  Consumption: 
Assessment  of  Health  Risks,  and  Recommendations  for  Establishing  Related  Standards; 
Vol.  6,  Infectious  Organisms  of  Military  Concern  Associated  with  Nonconsumptive 
Exposure:  Assessment  of  Health  Risks,  and  Recommendations  for  Establishing  Related 
Standards;  Vol.  7,  Performance  Evaluation  of  the  600-GPH  Reverse  Osmosis  Water 
Purification  Unit  (ROWPLfl:  Reverse  Osmosis  (RQ)  Components;  Vol.  8,  Performance  of 
Mobile  Water  Purification  Unit  (MWPU1  and  Pretreatment  Components  of  the  600-GPH 
Reverse  Osmosis  Water  Purification  Unit  (RQWPU)  and  Consideration  of  Reverse  Osmosis 
IRQ)  Bypass,  Potable- Water  Disinfection,  and  Water-Quality  Analysis  Techniques;  and 
Vol.  9,  Data  for  Assessing  Health  Risks  in  Potential  Theaters  of  Operation  for  U.S. 
Military  Forces. 

As  indicated  by  the  titles  listed  above,  the  nine  volumes  of  this  study  contain  a 
comprehensive  assessment  of  the  chemical,  radiological,  and  biological  constituents  of 
field-water  supplies  that  could  pose  health  risks  to  military  personnel  as  well  as  a  detailed 
evaluation  of  the  field- water- treatment  capability  of  the  U.S.  Armed  Forces.  The 
scientific  expertise  for  performing  the  analyses  in  this  study  came  from  the  University  of 
California  Lawrence  Livermore  National  Laboratory  (LLNL)  in  Livermore,  CA;  the 
University  of  California  campuses  located  in  Berkeley  (UCB)  and  Davis  (UCD),  CA;  the 
University  of  Illinois  campus  in  Champaign-Urbana,  IL;  and  the  consulting  firms  of  IWG 
Corporation  in  San  Diego,  CA,  and  V.J.  Ciccone  &  Associates  (VJCA),  Inc.,  in  Woodbridge, 
VA.  Additionally  a  Department  of  Defense  (DoD)  Multiservice  Steering  Group  (MSG), 
consisting  of  both  military  and  civilian  representatives  from  the  Armed  Forces  of  the 
United  States  (Army,  Navy,  Air  Force,  and  Marines),  as  well  as  representatives  from  the 
U.S.  Department  of  Defense,  and  the  U.S.  Environmental  Protection  Agency  provided 
guidance,  and  critical  reviews  to  the  researchers.  The  reports  addressing  chemical, 
radiological,  and  biological  constituents  of  field-water  supplies  were  also  reviewed  by 
scientists  at  Oak  Ridge  National  Laboratory  in  Oak  Ridge,  TN,  at  the  request  of  the  U.S. 
Army.  Furthermore,  personnel  at  several  research  laboratories,  military  installations,  and 
agencies  of  the  U.S.  Army  and  the  other  Armed  Forces  provided  technical  assistance  and 
information  to  the  researchers  on  topics  related  to  field  water  and  the  U.S.  military 
community.' 
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CONSTITUENTS  OF  MILITARY  CONCERN  FROM 
NATURAL  AND  ANTHROPOGENIC  SOURCES 

Paxt  2.  Pesticides 

PREFACE 

Water  that  may  be  used  by  military  personnel  in  the  field  can  contain  many  different 
organic  and  inorganic  chemical  constituents.  These  chemicals  may  exist  in  a  dissolved  or 
colloidal  state  or  on  suspended  material,  and  they  are  present  as  a  consequence  of  either 
natural  geochemical  and  hydrological  processes  or  the  industrial,  domestic,  or  agricultural 
activities  of  man. 

The  health  risk  to  military  personnel  from  a  chemical  constituent  of  field  water  is 
largely  a  function  of  the  frequency  with  which  it  occurs  at  concentrations  that  are  high 
enough  to  produce  a  toxic  or  organoleptic  (e.g.,  detectable  taste  or  odor)  effect  that  leads 
directly  or  indirectly  to  the  diminished  ability  of  exposed  military  forces  to  perform 
assigned  tasks.  To  minimize  performance-related  effects  in  military  personnel  using 
field-water  supplies,  the  high-risk  chemical  constituents  must  be  identified  and  analyzed. 
The  potential  health  risks  of  the  contaminants  can  then  be  managed  by  adopting 
field-water  quality  standards.  The  health  effects  that  could  occur  when  standards  are 
exceeded  can  be  addressed  on  a  case-by-case  basis. 

The  objective  of  this  volume  of  Evaluation  of  Military  Field-Water  Quality  is  to 
indicate  the  chemical  constituents  of  field  water  that  are  of  possible  military  concern  and 
to  describe  the  screening  methodology  and  supporting  data  that  we  used  to  identify  them. 
Briefly,  the  screening  methodology  is  separated  into  two  phases.  In  both  phases  the 
general  approach  consists  of  comparing  (1)  the  maximum  likely  concentration  in  field 
water  of  each  possible  chemical  constituent  with  (2)  a  corresponding  concentration  we 
estimate  to  be  the  threshold  above  which  toxic  effects,  including  impaired  performance, 
could  occur.  Our  analyses  are  based  on  70-kg  military  personnel  consuming  field  water  at 
a  maximum  rate  of  IS  L/d.  Maximum  likely  concentrations  in  field  water  for  each 
chemical  are  derived  from  our  compilation  of  available  U.S.  and  worldwide  water-quality 
monitoring  data.  However,  in  the  first  phase  of  screening  we  make  conservative 
assumptions  to  extrapolate  the  threshold  concentration  above  which  toxic  effects  could 
occur  in  military  forces  from  either  oral-mammalian  LD50  (lethal  dose  to  50%  of  a 
population)  data  or  Acceptable  Daily  Intake  (ADI)  values  for  humans.  The  result  of  this 


IX 


Volume  2,  Pt.  2 


screening  procedure  is  to  exclude  from  further  consideration  those  chemical  constituents 
that  are  not  expected  to  be  of  military  concern.  Although  the  conservative  assumptions 
incorporated  into  the  initial  screening  exercise  minimize  the  omission  of  substances  that 
may  actually  be  of  concern,  some  substances  may  be  identified  incorrectly  as  high  risk. 
Therefore,  to  refine  the  results  of  the  initial  screening  effort,  we  reexamine  the  available 
monitoring  data  and  review  the  published  human-toxicity  data  more  carefully  for  each 
chemical  indicated  to  be  of  possible  military  concern.  Next,  we  use  any  more  appropriate 
human- toxicity  data  (e.g.,  dose-response  information  from  reported  accidental  poisonings, 
occupational  exposures,  or  therapeutic  administrations)  we  find  and  apply  it  in  the  second 
phase  of  screening.  Then,  as  in  the  initial  screening  procedure,  any  ratio  greater  than 
unity  between  the  maximum  likely  concentration  for  a  chemical  in  field  water  and  the 
concentration  above  which  it  could  produce  toxic  or  organoleptic  effects  in  70-kg  military 
personnel  consuming  field  water  at  a  maximum  rate  of  15  L/d  indicates  that  the  chemical 
really  could  be  of  military  concern.  Because  impaired  performance  can  occur  as  a  result 
of  indirect  health  effects,  especially  from  heat  illnesses  caused  by  dehydration  resulting 
from  reduced  cpnsumption  of  poor-tasting  water,  we  also  screen  the  initial  list  of 
chemicals  by  comparing  maximum  likely  concentration  data  for  each  one  with  available 
data  corresponding  to  the  concentration  of  the  substance  that  represents  the  taste-  or 
odor-detection  threshold  in  water. 

To  facilitate  data  acquisition,  analysis,  and  review,  as  well  as  application  of  the 
screening  methodology,  we  separated  the  potential  chemical  constituents  of  field  water 
into  three  categories  and  divided  Volume  2  into  three  corresponding  parts.  Part  1  covers 
organic  solutes  (except  pesticides),  Part  2  addresses  pesticides,  and  Part  3  focuses  on 
inorganic  chemicals  and  physical  properties. 
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ABSTRACT 

The  purpose  of  this  part  of  Volume  2  is  to  assess  the  hazard  that  pesticides  in  water 
pose  to  the  health  and  performance  of  troops  stationed  overseas.  To  assess  the  likely 
exposure,  the  open  literature  was  searched  for  reports  of  pesticide  concentrations  in 
water,  primarily  outside  of  the  United  States.  Based  on  15-L/d  water  consumption, 
pesticides  found  in  concentrations  causing  an  excess  of  an  Acceptable  Daily  Intake  (as 
proposed  by  the  World  Health  Organization)  were  further  evaluated  for  their  toxicity  and 
exposure  potential.  The  assessment  included  information  collected  on  quantities  of 
pesticides  used  around  the  world.  Incidents  of  severe  contamination  of  water  by  pesticides 
were  also  investigated  to  identify  situations  that  might  involve  serious  pesticide 
contamination. 

As  a  result  of  the  investigation,  we  found  that  pesticide  contamination  of  large  bodies 
of  water  (e.g.,  lakes,  rivers,  and  oceans)  is  generally  not  at  levels  that  threaten  troop 
health  or  performance.  Consequently,  foreign  water  supplies  need  not  be  routinely  treated 
specifically  to  remove  pesticides.  The  greatest  threat  to  troop  health  from  pesticides  in 
water  appears  to  come  from  infrequent,  transient  occurrences  of  extreme  contamination, 
particularly  in  small  bodies  of  water  with  little  potential  for  dilution. 

Because  severe  contaminations  are  known  to  occur,  and  because  they  would  seriously 
affect  the  health  and  performance  ability  of  troops,  it  is  recommended  that  the  military 
develop  field  techniques  to  detect  certain  classes  of  pesticides  and  selected  individual 
pesticides.  Because  pesticide-contaminated  water  may  be  the  only  available  source  of 
drinking  water,  it  is  also  recommended  that  the  treatability  of  pesticides  in  water  be 
investigated.  It  must  be  recognized  that,  by  accident  or  intent,  any  pesticide  can  be 
present  in  water  at  levels  that  would  render  water  unacceptable  for  use.  However,  lindane 
is  the  pesticide  that  appears  the  most  likely  to  be  found  at  dangerous  levels  in  water  as  a 
result  of  its  normal  use.  The  most  widely  used  organophosphates  (e.g.,  malathion  and 
parathion)  appear  to  present  a  less  likely  hazard,  but  these  compounds  should  also  be 
considered  for  the  development  of  detection  techniques  and  for  treatability  studies. 
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INTRODUCTION 

Certain  chemical  constituents  of  field  water  can  adversely  affect  the  health  of 
military  personnel  and  can  diminish  the  ability  of  the  individual  soldier  to  perform 
assigned  tasks.  The  purpose  of  Volume  2  of  Evaluation  of  Military  Field-Water  Quality  is 
to  identify  these  chemicals.  Key  considerations  in  identifying  these  substancas  are 
(l)  their  occurrence  in  foreign  water  supplies,  (2)  the  concentrations  measured,  and  most 
importantly  (3)  their  toxicity.  Volume  2  is  divided  into  three  parts:  Part  1  covers  organic 
solutes  (except  pesticides),  Part  2  addresses  pesticides,  and  Part  3  focuses  on  inorganic 
solutes  and  physical  properties. 

In  this  part  of  Volume  2,  we  assess  the  hazard  that  pesticides  in  water  pose  to  the 
health  and  performance  of  troops  stationed  in  foreign  countries.  As  a  category,  pesticides 
are  important  because  they  are  closely  associated  with  agricultural  irrigation  and  can  be 
present  in  both  ground  water  and  surface  water.  In  addition,  large  volumes  of  pesticides 
are  used  in  all  regions  of  the  world,  and  many  are  known  to  be  toxic  to  humans  at 
relatively  low  doses.  • 

The  methodology  that  we  use  to  identify  pesticides  that  may  pose  problems  in 
military  field-water  supplies  includes  a  screening  evaluation  for  potential  toxicity  in 
water  of  all  pesticides  for  which  water  concentration  data  are  available,  and  a  closer 
examination  of  those  pesticides  that  screening  indicates  could  be  found  in  water  at 
concentrations  at  or  near  toxic  levels.  Not  all  of  the  information  needed  by  the  personnel 
responsible  for  the  management  of  the  risks  that  pesticides  in  water  present  to  troop 
health  is  currently  available.  These  information  gaps  are  described  at  the  end  of  this  part, 
along  with  any  pesticides  considered  to  be  used  frequently  enough  and  at  high  enough 
concentrations  that  establishing  related  field-water  quality  standards  would  be  beneficial 
for  troop  health. 


SCREENING  METHODOLOGY 

The  purpose  of  pesticide  screening  is  to  identify  any  pesticides  that  might  be  in  the 
water  supplies  used  by  military  personnel  and  to  indicate  the  ones  among  these  that  are 
most  likely  to  cause  performance-degrading  or  irreversible  health  effects,  based  on  a 
drinking-water  consumption  rate  of  up  to  15  L/d.  Distinguishing  the  most  threatening 
among  these  pesticides  requires  a  qualitative  assessment  of  the  risks  posed  by  each  one. 
Performing  such  an  assessment  not  only  requires  identifying  the  pesticides  likely  to  be 
present  in  the  water,  but  also  estimating  the  concentrations  of  those  pesticides  and  the 
health  consequences  of  consuming  water  with  the  expected  levels  of  pesticide 
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contamination.  The  methodology  we  use  to  screen  the  pesticides  and  to  identify  the  most 
threatening  among  them  involves  collecting  the  information  mentioned  above  and 
evaluating  it  in  order  to  support  a  judgment  as  to  which  pesticides  require 
maximum-concentration  standards. 

A  flowsheet  illustrating  the  use  of  the  information  collected  to  evaluate  the  relative 
risks  presented  by  pesticides  in  drinking  water  is  presented  in  Fig.  1.  The  procedure  used 
to  identify  the  pesticides  likely  to  be  present  in  foreign  water  supplies  is  described  below. 
Following  it  is  a  description  of  the  process  used  to  evaluate  the  list  of  pesticides  and  to 
identify  those  that  are  most  likely  to  cause  performance  degradation  and  irreversible 
health  effects  in  troops. 

PROCEDURE  USED  TO  IDENTIFY  PESTICIDES  IN  WATER  SUPPLIES 

As  illustrated  in  Figure  1,  three  different  kinds  of  data  were  examined  to  identify 
the  pesticides  likely  to  be  present  in  water  supplies.  The  three  kinds  of  data  were 
monitoring  data,(  production  and  use  data,  and  literature  reports  of  illnesses  caused  by 
pesticide-contaminated  drinking  water.  Monitoring  data  showed  which  pesticides  have 
been  identified  in  various  drinking-water  supplies  and  their  concentrations.  Production 
and  use  data  disclosed  which  pesticides  have  been  manufactured  and  applied  in  the 
greatest  amounts.  The  ones  used  in  the  greatest  amounts  are  more  likely  to  find  their  way 
into  water  supplies  and  to  be  present  at  toxic  concentrations.  The  third  kind  of 
information  used  to  identify  pesticides  in  water  supplies  was  literature  reports  of  illnesses 
attributed  to  pesticide  contamination  of  drinking  water.  The  limitations  of  each  source  of 
data  are  discussed  below.  We  used  the  three  different  sources  of  data  to  create  the  list  of 
pesticides  to  be  screened. 

Monitoring  Data 

The  purpose  of  using  monitoring  data  on  pesticide  levels  in  water  was  to 
characterize  the  extent  to  which  troops  stationed  overseas  would  be  exposed  to  pesticides 
through  water  supplies.  We  wanted  to  know  which  pesticides  had  been  found  in  the  water, 
what  concentrations  had  been  measured,  which  pesticides  are  most  commonly  present  in 
water,  and  which  waters  are  most  frequently  and  severely  contaminated.  The  available 
monitoring  data  alone  could  not  answer  all  of  these  questions  definitively,  but  it  could 
provide  the  best  indications  of  the  extent  of  exposure.  Consequently,  we  put  substantial 
effort  into  collecting  this  information. 
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Figure  l.  Screening  methodology.  (C  -  maximum  concentration  in  field  water,  above 

max 

which  toxicity  is  predicted  for  field  personnel  consuming  water  at  a  rate  of  up  to  15  L/d; 
^screen  "  .®creen*n8  concentration  for  human  toxicity.) 
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Most  of  the  monitoring  data  we  collected  was  obtained  from  an  extensive  search  of 
the  open  world  literature.  Manual  searches  through  the  collections  of  various  general  and 
specialized  libraries  and  bibliographies  uncovered  many  valuable  reports.  However,  the 
most  productive  sources  of  data  proved  to  be  computerized  bibliographic  data  bases. 
Fifteen  data  bases  (Table  1)  were  searched  for  articles  and  reports  back  to  1970.  After  we 
obtained  relevant  documents,  cross-references  to  other  authors  were  also  investigated. 
The  concentration  data  reported  from  many  studies  were  entered  into  a  computerized  data 
base  to  facilitate  evaluation. 

During  the  course  of  our  research  we  also  discovered  unpublished  bodies  of  data  on 
pesticide  levels  in  water.  For  a  variety  of  reasons,  not  all  of  these  data  could  be  made 
available  to  this  study.  Some  of  these  data  may  be  obtainable  through  diplomatic  channels 
or  made  available  to  the  public  after  the  passage  of  time.  We  obtained  other  unpublished 
information  through  personal  communication  with  a  number  of  organizations  (see  Table  2). 

Pesticide  Production  and  Use  Data 

'  4 

The  purpose  of  collecting  data  on  the  production  and  use  of  pesticides  in  foreign 
countries  was  to  identify  the  pesticides  that  are  used  abroad  in  large  quantities. 
Pesticides  produced  or  used  in  large  volumes  are  assumed  to  have  a  greater  probability  of 
being  present  in  water  supplies  at  toxic  concentrations.  In  addition,  the  production  and 
use  data  complement  the  monitoring  data.  For  example,  some  pesticides  are  very  difficult 
to  detect  in  water  and  may  not  be  measured  in  the  waters  of  some  countries,  even  though 
they  are  used  extensively.  These  pesticides  were  evaluated  more  closely  for  their 
potential  to  contaminate  water  supplies. 

Information  on  the  production  and  use  of  pesticides  in  foreign  countries  was 
primarily  collected  from  literature  sources.  For  some  countries,  we  supplemented  these 
sources  with  information  obtained  from  conversations  with  individuals  knowledgeable 
about  pesticide  use  in  those  countries.  Statistical  literature  on  pesticide  use  is  abundant. 
However,  at  present,  there  is  no  single  guide  to  this  subject  on  a  worldwide  basis. 
Accordingly,  we  relied  on  several  different  sources.  These  are  listed  and  briefly  described 
in  Appendix  A. 

Health  Incidents  from  Pesticide  Contamination  of  Water 

Another  data  source  for  identifying  pesticides  that  might  present  health  hazards  as 
drinking-water  contaminants  was  documented  incidents  in  which  pesticides  in  drinking 
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Table  1.  Bibliographic  data  bases  used  to  locate  documents  containing  concentration  data. 

Chemical  Abstracts 
Aqualine 

Aquatic  Science  Abstracts 

Pollution  Abstracts 

Water  Resources  Abstracts 

Toxline 

Enviroline 

NT1S 

BIOSIS  Previews 
CAB  Abstracts 
Agricola 

Oceanic  Abstracts 
Environmental  Bibliography 
Predicasts 

Science  Citation  Index 


Table  2.  Organizations  contacted  to  obtain  information  on  the  occurrence  of  pesticides. 

USDA,  Economic  Research  Service 
Battelle  Memorial  Research  Institute 
SRI  International 
Predicasts 

UN  Environmental  Program:  International  Register  of  Potentially  Toxic  Chemicals 
Canada,  Prairie  Provinces  Water  Board.  National  Water  Quality  Data  Bank  (NAQUADAT) 
Stauffer  Chemical  Company 
UC  Berkeley,  Water  Resources  Archives 
Egyptian  Ministry  of  Agriculture 
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water  actually  had  caused  human  health  problems.  This  type  of  data  was  completely 
different  from  the  two  types  previously  described,  which  were  limited  to  identification  or 
prediction  of  the  presence  of  pesticides  in  water.  As  such,  we  felt  that  these  additional 
data  assure  that  we  had  identified  the  most  important  potential  pesticide  contaminants. 
To  collect  these  data,  we  searched  the  open  literature  for  any  case  reports  or 
epidemiology  reports  of  human  health  effects  attributed  to  pesticides  in  drinking  water. 
Evaluation  of  these  incidents  would  help  identify  potential  pesticide  problems.  These 
incidents  were  also  of  value  in  assessing  the  relative  importance  of  the  different 
pesticides  and  of  pesticides  as  a  class  in  comparison  with  nonpesticide  organic  and 
inorganic  substances  covered  in  Parts  1  and  3  of  Volume  2. 

PROCESS  USED  TO  IDENTIFY  PESTICIDES  OF  MOST  CONCERN 
AS  WATER  CONTAMINANTS 

We  assembled  a  rather  long  list  of  pesticides  known  or  strongly  suspected  to  be 
present  in  watec  from  the  different  sources  of  data  we  reviewed.  The  next  step  was  to 
determine  which  pesticides  would  be  likely  to  be  found  at  concentrations  too  low  to  cause 
human  health  effects,  and  to  remove  such  pesticides  from  further  consideration.  This 
separation  process  is  referred  to  as  the  primary  screening.  The  remaining  pesticides  were 
evaluated  to  assess  their  likelihood  of  causing  performance  degradation  in  troops  and  to 
determine  whether  the  establishment  of  a  maximum  allowable  concentration  would  help 
protect  troop  health.  This  further  evaluation  is  referred  to  as  the  secondary  screening. 
The  methods  and  rationale  for  the  primary  and  secondary  screenings  are  described  below. 

Primary  Screening 

The  primary  screening  is  a  comparison  of  the  maximum  pesticide  concentrations 
reported  in  water  to  concentrations  judged  to  be  acceptable  for  at  least  one  year  of 
exposure.  Pesticides  found  in  water  at  concentrations  exceeding  acceptable 
concentrations  even  once  were  flagged  for  closer  scrutiny.  Very  conservative  estimates 
of  acceptable  concentrations  for  the  assumed  maximum  exposure  period  of  one  year  were 
used  to  assure  that  pesticides  omitted  from  further  scrutiny  were  unlikely  to  cause  human 
health  problems. 

The  acceptable  concentration  was  based  on  Acceptable  Daily  Intake  (ADI),  as 
recommended  by  the  Food  and  Agricultural  Organization  of  the  World  Health  Organization 
(FAO/WHO).  ADI's  are  total  daily  doses  judged  by  FAO  expert  panels  to  be 
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acceptable  for  lifetime  exposures.  An  ADI  is  given  in  units  of  mg/kg  body  weight,  and  we 
converted  this  into  a  drinking-water  concentration,  using  the  assumption  of  a  70-kg  adult 
and  a  15-L/d  water  consumption  rate.  The  screening  concentrations  were  calculated  from 
the  ADI  by 

Cs  -  ADI  •  (1) 

where 

C.  -  screening  concentration  for  human  toxicity,  mg/L; 

ADI  -  acceptable  daily  intake,  mg/(kg*d); 

W  -  reference  body  weight  of  a  soldier,  kg;  and 

I  -  maximum  daily  intake  of  water,  L/d. 

Typically,  pesticide  residues  on  food  account  for  90%  or  more  of  the  exposure,  and 
residues  in  water  only  contribute  a  small  fraction  of  the  total  daily  exposure.  Our 
calculations  used  to  derive  the  concentrations  for  screening  comparisons  do  not  account 
for  the  intake  'of  pesticides  from  food.  These  values  are  nonetheless  conservative 
estimates  of  pesticide  concentrations  likely  to  produce  adverse  effects  in  humans  because 
the  ADI  is  judged  to  be  safe  for  a  lifetime  exposure,  and  our  concern  is  a  one-year 
exposure.  In  addition,  the  assumed  15-L/d  water  consumption  rate  is  unlikely  to  be 
sustained  for  an  entire  year. 

The  FAO  has  not  established  ADI's  for  all  pesticides;  thus,  in  order  to  identify  which 
of  these  pesticides  need  further  evaluation,  based  on  screening  comparisons,  it  was 
necessary  for  us  to  use  an  additional  method  of  calculating  a  screening  concentration,  not 
based  on  an  ADI.  For  these  calculations,  we  employed  the  methodology  described  by 
Layton  et  al.1  in  Part  1  of  Volume  2.  This  methodology  is  based  on  converting  the  oral 
LD60  (lethal  dose,  expressed  in  mg  of  chemical  per  kg  of  body  weight,  to  50%  of  a 
population  of  laboratory  animals)  for  a  particular  chemical  to  a  dose  with  a  high 
probability  of  being  below  a  toxic  threshold  for  humans— a  lower-bound  limit  equivalent  to 
a  no-observed-effect  level  (NOEL).  Under  this  scheme,  the  LD50  (mg/kg)  for  a  particular 
chemical  is  multiplied  by  a  conversion  factor  derived  from  a  statistical  analysis  of  the 
ratios  between  LD50  values  and  subchronic  (~90-d)  NOEL's  (mg/(kg»d)J  determined  for 
33  organic  chemicals.  The  conversion  factor  selected  for  the  purposes  of  the  screening 
effort  was  0.004  d-1,  the  ratio  corresponding  to  the  tenth  cumulative  percentile  of  the  log 
normal  distribution  of  all  of  the  ratios  (geometric  mean  of  the  ratios  was  0.03  d'1,  with  a 
geometric  standard  deviation  of  4.8).  The  calculated  NOEL  is  then  adjusted  further  by  a 
safety  factor  of  100  because  this  safety  factor  is  used  in  the  setting 
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of  standards  and  to  account  for  inter-  and  intraspecies  variations.  Therefore,  the 
screening  concentration  for  human  toxicity  for  a  particular  pesticide  (Ce),  in  units  of  mg/L 
(based  on  a  reference  body  weight  of  70  kg  and  a  maximum  drinking-water  consumption 
rate  of  up  to  15  L/d  for  military  personnel),  can  be  computed  from  its  LD50  (mg/kg) 
according  to  the  expression: 

n  LD50  »  0.004  70 

Us“  100  15  ‘  W 

To  simplify  this  computation  for  determining  screening  concentrations,  the  LD50  is 
multiplied  by  10  .  For  purposes  of  completeness,  we  also  applied  this  calculation  to 
those  pesticides  where  ADI  data  were  available. 

In  addition  to  the  two  ways  for  determining  screening  concentrations,  we  compared 
the  available  taste-  and  odor- threshold  concentrations  for  several  pesticides  (see 
Appendix  B)  with  their  ambient  water  concentrations.  The  pesticide  concentrations  that 
were  found  to  exceed  their  taste  or  odor  thresholds  were  noted,  but  they  were  not  given 
closer  evaluation  for  potential  health  effects  unless  they  also  exceeded  one  of  the 

e  9 

calculated  screening  concentrations  for  human  toxicity. 

Secondary  Screening 

The  primary  screening  is  a  conservative  approach  because  it  is  designed  to  identify 
even  those  pesticides  that  would  cause  adverse  effects  following  exposures  of  many  years, 
and  the  assumed  exposure  period  for  consuming  field  water  is  only  one  year.  For  example, 
some  pesticides  are  suspected  of  being  carcinogenic,  and  their  ADI '  s  are  established  at  a 
very  low  level,  representing  the  FAO's  judgments  of  an  acceptably  low  cancer  risk  from  a 
lifetime  exposure.  The  secondary  screening  is  used  to  examine  the  pesticides  that  the 
primary  screening  indicated  to  be  of  possible  concern  to  troop  health,  and  to  separate  the 
pesticides  that  may  actually  cause  performance-degrading  effects  in  troops  from  the  ones 
that  are  unlikely  to  cause  such  effects  during  a  one-year  exposure  period.  Pesticides 
unlikely  to  cause  performance-degrading  effects  may  still  present  some  risk  of  chronic 
effects  (e.g.,  cancer).  When  evidence  of  this  was  available,  it  was  mentioned  in  the 
secondary  screening  evaluation. 

The  secondary  screening  evaluations  assess  the  exposure  to  the  pesticides  by 
identifying  the  common  uses  and  extent  of  use  of  the  pesticide.  The  typical  and  maximum 
concentrations  likely  to  be  encountered  are  also  discussed  on  the  basis  of  monitoring  data 
and  theoretical  considerations  (e.g.,  solubility  in  water).  The  likely  human  health  effects 
caused  by  the  characterized  exposures  are  then  described. 
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RESULTS 

The  results  of  this  study  are  presented  in  two  parts.  The  first  describes  the  results 
of  the  efforts  to  identify  the  pesticides  likely  to  be  present  in  water  supplies  used  by 
troops  stationed  overseas  and  presents  a  list  of  the  identified  pesticides.  The  second  part 
describes  the  results  of  efforts  to  evaluate  the  pesticide  list  and  characterizes  the  hazards 
that  pesticides  in  water  appear  to  present  to  troop  health. 

PESTICIDES  MOST  LIKELY  TO  BE  PRESENT  IN  FOREIGN  WATER  SUPPLIES 

The  most  useful  information  on  the  kinds  of  pesticides  present  in  water,  the  level  of 
contamination,  and  the  types  of  water  bodies  most  likely  to  be  dangerously  contaminated 
came  from  the  monitoring  data  that  we  collected.  These  results  are  described  below. 
Supplementing  and  reinforcing  the  monitoring  data  are  the  findings  from  pesticide 
production  and  use,  as  well  as  reports  of  health  incidents  attributed  to  pesticides  in 
drinking  water.  -  < 

Monitoring  Data 

The  data  base  we  created  from  our  collection  of  monitoring  data  has  approximately 
500  sampling  sites.  Approximately  50%  of  the  samples  are  within  detection  limits. 
Chlorinated-hydrocarbon  insecticides  appear  to  be  the  most  frequently  occurring  class  of 
pesticides.  The  compounds  found  most  often  were  DDT,  along  with  its  isomer  and 
metabolites  (o,p’-DDT,  DDE,  and  DDD);  BHC  and  its  isomers  (alpha-,  beta-,  and  gamma-, 
i.e.,  lindane);  dieldrin  and  aldrin;  heptachlor  and  heptachlor  epoxide.  A  complete  record  of 
the  monitoring  data  has  been  assembled  in  Appendix  C. 

Limitations  of  Monitoring  Data.  The  primary  purpose  of  collecting  the  monitoring  data 
was  to  estimate  the  level  of  pesticides  that  troops  might  encounter  in  foreign  water 
supplies.  The  main  shortcoming  of  the  data  is  that  so  little  of  it  is  available.  This  appears 
to  be  largely  attributable  to  the  lack  of  water-monitoring  programs  in  most  parts  of  the 
world.  In  some  countries  monitoring  data  exist,  but  never  reach  the  open  literature,  and 
the  government  ministries  or  agricultural  research  institutes  in  possession  of  such  data  are 
reluctant  to  release  them.  A  much  smaller  amount  of  data  has  not  been  included  in  the 
data  base  because  we  were  unable  to  translate  all  of  the  foreign-language  reports  we 
received,  or  because  we  were  unable  to  locate  all  reports  identified  as  containing 
pertinent  daAa. 
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Another  important  limitation  of  the  monitoring  data  is  that  the  most  severely 
contaminated  bodies  of  water  are  the  least  represented  in  the  data  base.  On  the  basis  of 
measurements  reported  in  the  literature  and  conversations  with  individuals  who  are 
familiar  with  pesticide  practices  in  developing  countries,  the  most  severely  contaminated 
waters  appear  to  be  small  sources,  such  as  canals  and  reservoirs,  adjacent  to  irrigated 
lands.  These  sources  are  poorly  represented  in  our  data  base.  There  are  also  relatively 
little  monitoring  data  available  on  the  levels  of  pesticide  contamination  in  ground  water. 
The  information  that  is  available,  however,  suggests  that  pesticide  levels  in  ground  water, 
like  those  in  large  rivers  and  lakes,  tend  to  provide  little  reason  for  concern  about  human 
health.  This  is  particularly  true  for  exposure  periods  that  are  limited  to  one  year  or  less. 
Most  information  is  available  on  pesticide  levels  in  large  rivers  and  lakes.  Dilution  in 
these  large  water  bodies  has  most  likely  played  a  significant  role  in  bringing  about  the 
generally  low  levels  of  pesticides  measured  in  them. 

We  made  no  attempt  to  critique  the  sampling  or  detection  methods  used  for  the 
reported  concentrations.  When  one  or  more  reported  values  were  substantially  higher  than 
the  bulk  of  the- reported  measurements  for  a  given  pesticide,  we  did  look  at  the  high  values 
more  carefully  to  be  sure  that  there  were  no  obvious  errors,  such  as  in  the  incorrect 
reporting  of  units  (e.g.,  pg  vs  mg).  We  also  looked  at  the  original  article  to  see  what  events 
led  to  such  a  high  level,  and  we  evaluated  the  feasibility  of  the  highest  concentrations  in 
light  of  the  pesticide's  water  solubility.  In  some  cases  (e.g.,  DDT),  it  is  possible  to  have 
concentrations  in  natural  waters  that  exceed  the  reported  solubility  of  the  pesticide, 
which  is  usually  measured  in  distilled  water. 

Pesticide  Production  and  Use  Data 


Based  on  world  pesticide  sales  in  1982  (see  Table  3),  the  U.S.  is  the  largest  single 
pesticide  market  in  the  world  (33%).  Western  Europe  (24%)  is  in  second  place,  followed  by 
Japan  (11.5%)  and  Eastern  Europe  (9%).  The  developing  countries  account  for  the 
remaining  22.5%  of  world  agrochemical  sales.  Brazil  is  the  largest  of  the  developing- 
country  markets,  accounting  for  approximately  7%  of  world  sales,  with  India  and  Mexico 
each  accounting  for  almost  2%.  Although  about  67%  of  the  world  market  is  in  the 
agriculturally  developed  countries,  the  developing  countries,  nonetheless,  are  quite  active 
in  the  manufacture  of  the  active  ingredients  in  pesticides. 

As  shown  in  Table  3,  50%  of  world  herbicide  sales  are  concentrated  in  the  U.S.  The 
insecticide  and  fungicide  markets,  however,  are  mostly  in  other  parts  of  the  world. 
Western  Europe  for  instance,  comprises  40%  of  the  world  fungicide  sales.  Likewise,  the 
developing  countries  account  for  40%  of  the  world  insecticide  market. 
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Table  3.  Worldwide  pesticide  sales  by  geographical  area  -  1982. 2 


Area 

Pesticides 

Herbicides 

Insecticides 

Fungicides 

Other® 

Total 

%  of  total  sales 

USA 

50 

26 

11 

41 

33 

Western  Europe 

20.5 

14.5 

40 

39 

24 

Japan 

9.5 

12.5 

16 

2.5 

11.8 

Eastern  Europe 

8.5 

7 

12.5 

7 

9 

Rest  of  world 

11.5 

40 

20.5 

10.5 

22.5 

8  Nematocides,  fumigants,  and  plant  growth  regulators. 


These  global  differences  in  the  pesticide  market  reflect  the  diversification  of 
agriculture  throughout  the  world.  Seven  crop  sectors  account  for  over  75%  of  the  total 
worldwide  market  in  agrochemicals  (see  Table  4).  Maize  requires  the  largest  use  of 
herbicides.  It  is  also  a  major  U.S.  crop  that  greatly  contributes  to  the  high  use  of 
herbicides  in  the  U.S.  Insecticides,  on  the  other  hand,  are  used  mostly  for  cotton,  fruit, 
and  vegetables.  These  crops  are  widely  grown  in  the  developing  countries,  the  largest 
insecticide  market  in  the  world.  Similarly,  Western  Europe,  with  the  bulk  of  world 
fungicide  sales,  cultivates  70%  of  the  vineyards  in  the  world. 

Asiie  from  these  broad  pesticide  usage  patterns,  little  information  exists  concerning 
actual  consumption  and  production  within  individual  countries.  Predicting  which  specific 
pesticides  are  most  likely  to  be  used  in  a  given  country  is  complicated  by  several  factors, 
among  which  are  the  diversification  of  crop  type  from  locale  to  locale,  the  great  variation 
in  kinds  of  pesticides  used  on  a  given  crop,  and  the  cost  of  the  pesticides.  In  fact,  cost 
generally  dictates  the  selection  of  pesticides,  especially  in  the  poor,  developing  nations. 
Changing  agricultural  practices,  regulatory  restrictions,  and  resistance  of  pests  to 
insecticides  increase  the  variability  of  worldwide  pesticide  use.  Thus,  if  troops  were 
entering  an  agricultural  area  where  pesticide  contamination  of  the  water  would  be  likely, 
it  would  not  be  possible  to  predict  which  pesticides  were  being  used  without  very  recent, 
local  information. 

Assorted  sales  and  use  data  on  insecticides  in  Egypt,  India,  Brazil,  China,  and  the 
U.S.  are  presented  in  Tables  5  through  9,  respectively.  It  is  not  surprising  to  find  that  the 
insecticides  most  frequently  appearing  in  the  monitoring  data  (DOT,  BHC,  and  lindane) 
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Table  4.  Worldwide®  pesticide  sales  for  selected  crops.2 


Pesticides 

Target  crop 

Herbicides 

Insecticides 

Fungicides 

Sales  (millions  of  1982  dollars) 

Fruit  and  vegetables 
(includes  vines) 

425 

1160 

1300 

Maize 

1140 

440 

40 

Rice 

490 

645 

380 

Cotton 

325 

1020 

40 

Soybeans 

980 

130 

50 

Wheat 

650 

100 

345 

Sugar  beets 

315 

105 

45 

a  Accounts  for  over  75%  of  the  total  worldwide  market  in  agrochemicals. 


are  large-production  chemicals  as  well.  Although  these  particular  chlorinated 
hydrocarbons  are  no  longer  widely  produced  in  the  U.S.,  they  are  still  produced  and  used 
throughout  the  rest  of  the  world.  However,  the  demand  for  them  is  expected  to  remain 
static  until  the  mid-1980's,  and  then  decline  thereafter  (see  Table  10).  Conversely, 
carbamates  and  organophosphorus  compounds  are  expected  to  increase  substantially  on  a 
worldwide  basis. 

Herbicide  and  fungicide  demand  is  also  expected  to  increase  throughout  the  world. 
Both  North  America  and  Western  Europe  are  expected  to  double  their  use  of  these 
chemicals  by  the  1990's  (based  on  1975  figures).  In  other  regions  of  the  world,  the  demand 
for  herbicides  in  the  1990  's  will  grow  by  as  much  as  eight  times  the  amount  used  in  1975.** 

Health  Incidents  from  Pesticide  Contamination  of  Water 


Our  literature  searches  uncovered  a  compilation  of  reported  incidents  of  acute 
pesticide  poisoning  due  to  occupational  exposures  and  accidentally  contaminated  grains 
and  other  foods.1**  However,  there  are  relatively  few  documented  cases  of  acute  health 
effects  due  to  pesticide-contaminated  drinking  water.  Virtually  all  of  the  reports  are 
from  the  United  States.  Those  reported  incidents  related  to  pesticide  -contaminated  water 
were  examined  more  closely  and  are  summarized  in  Table  11. 
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Table  5.  Amounts  of  major  insecticides  imported  and  used  in  Egypt  (1950  to  1980).3 


Compound 

Imported  quantity 
(metric  tons) 

Years  of  consumption 

Toxaphene 

54,000 

1955  to  1961 

Endrin 

10,500 

1961  to  1981 

DDT 

13,500 

1952  to  1971 

Lindane 

11,300 

1952  to  1978 

Carbaryl 

21,000 

1961  to  1978 

Trichlorphon® 

6,500 

1961  to  1970 

Monocrotophos 

8,300 

1967  to  1978 

Leptophos 

5,500 

1968  to  1975 

Chlorpyrifos 

9,500 

1969  to  1981 

Phosfolan 

4,500 

1968  to  1981 

Mephosfolan 

6,000 

1968  to  1981 

Methamidophos/Azinpbos  -  methyl 

4,500 

1970  to  1979 

Triazophos 

3,500 

1977  to  1981 

Profenofos 

4,000 

1977  to  1981 

Methomyl 

3,500 

1976  to  1981 

Fenvalerate 

4,500 

1976  to  1981 

Cypermethrin 

2,300 

1976  to  1981 

Decamethrin 

1,400 

1976  to  1981 

a  Nonproprietary  name  used  in  Great  Britain  for  trichlorfon. 


Unfortunately,  descriptions  of  the  events  leading  to  the  water  contamination  were 
not  available  for  all  of  the  incidents  listed  in  Table  11.  However,  it  can  be  seen  from  the 
descriptions  that  are  available  that  at  least  some  of  the  ways  in  which  the  water  became 
contaminated  (e.g.,  back-siphoning  or  deliberate  contamination)  do  not  appear  to  be 
related  to  the  specific  pesticide.  The  same  incident  just  as  easily  could  have  taken  place 
with  a  different  pesticide. 

The  literature  confirmed  that  pesticides  occasionally  find  their  way  into  drinking 
water  at  toxic  levels.  The  available  information  did  not  suggest  that  any  single  pesticide 
or  class  of  pesticides  causes  repeated,  acuto  outbreaks  from  the  contamination  of 
drinking-water  supplies.  It  should  also  be  noted  that  nausea,  vomiting,  abdominal  pain, 
and  diarrhea  are  commonly  repoitsd  as  the  health  effects  attributed  to 
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Table  8.  Production  of  technical-grade  pesticides  in  India  (1978  to  1981).4 


Compound 

Quantity  (metric  tonal 

1978  to  79 

1979  to  80 

1980  to  81 

BHC 

35,254 

31,808 

28,760 

DDT 

4,478 

4,531 

4,004 

Malathion 

2,845 

2,136 

1,284 

Parathion 

2,242 

2,552 

1,213 

Metasystox 

208 

139 

150 

Fenitrothion 

401 

350 

116 

Dimethoato 

721 

804 

817 

Phosphamidon 

563 

586 

451 

DDVP  (Dichlorvos) 

278 

218 

103 

Quinalphos 

379 

546 

385 

Phenthoate 

11 

— 

0.6 

Carbaryl  ‘  - 

787 

1,501 

1,155 

Endosulfan 

36 

133 

456 

Monocrotophos 

46 

171 

338 

Fenthion 

— 

— 

54 

Copper  oxychloride 

1,199 

1,199 

1,147 

Thiocarbamates 

— 

1,733 

1,159 

Nickel  chloride 

48 

12 

39 

Organomercurials 

130 

135 

179 

Carbendazim  (bavistin) 

25 

27 

28 

Basalin 

— 

2 

13.5 

2,4-D 

316 

192 

338 

Nitrofen  propanil 

25 

109 

1.5 

Paraquat 

48 

402 

73 

Ratafin 

13 

11 

3 

Cycocel 

— 

— 

4.6 

Zinc  phosphide 

170 

158 

197 

Aluminum  phosphide 

591 

249 

710 

Methyl  bromide 

34 

19 

33 

Ethyl  dibromide 

40 

20 

25 

Antibiotics 

— 

15 

4.7 

15 
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Table  7,  Amount  of  imported  and  nationally  produced  insecticides  during  1979  to  1981  for 
Brazil.8 


Insecticides 

(common  name) 

Year 

Year 

1979 

1980 

1981 

1979 

1980 

1981 

Imported  (tons)& 

Nationally  produced  (tons)a 

Aldicarb 

2,046 

1,055 

1,006 

Aldrin 

962 

1,026 

725 

— 

B.  thurinsiensis 

177 

279 

17 

-- 

bh£T^ 

— — 

— ■ 

3,230 

4,099 

2,070 

Carbaryl 

1,955 

1,438 

276 

— 

— 

— 

Carbofuran 

440 

396 

433 

— 

— 

— 

Carbophenothion 

205 

140 

189 

— 

•— 

Camphechlor  (Toxaphene)  — 

— 

— 

3,893 

— 

— 

Chlorpyrifos 

411 

513 

421 

— 

— 

— 

DDT 

— 

— 

— 

4,444 

2,752 

1,818 

Diazinon 

144 

122 

134 

— 

Dichiorvos 

100 

70 

190 

— 

— — 

Dicrotophos 

— 

— 

•— 

450 

462 

190 

Dimethoate  ' « 

•  1,025 

210 

40 

20 

373 

225 

Disulfoton 

478 

220 

314 

—  - 

— 

— 

Endosulfan 

1,050 

1,200 

307 

— 

— — 

... 

Endrin 

1,474 

459 

215 

— 

— - 

Parathion 

256 

— 

— 

347 

221 

96 

Fenthion 

140 

95 

20 

— 

— 

119 

Heptachlor 

339 

259 

379 

— 

— 

— 

Malathion 

— 

— 

— 

1,170 

364 

787 

Demeton,  methyl 

146 

272 

— 

— 

— 

158 

Parathion,  methyl 

3,484 

2,871 

1,507 

3,484 

2,871 

1,507 

Mineral  oil 

3,018 

2,500 

— 

— 

529 

1,514 

Monocrotophos 

— 

— 

— 

2,200 

2,396 

938 

Omethoate 

85 

143 

140 

— 

— 

— 

Phorate 

145 

76 

198 

— 

— 

— 

Phosphamidon 

240 

110 

80 

— 

Trichlorfon 

668 

464 

183 

653 

1,126 

891 

Wettable  sulfur 

2,223 

2,682 

239 

— 

225 

2,325 

Other 

36 

83 

81 

— 

— 

— 

Total 

18,795 

18,165 

5,945 

19,891 

15,421 

13,233 

a  To  convert  to  metric  tons,  multiple  these  values  by  0.907. 
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Table  8.  Insecticide  production  and  use  in  China  for  1982. 8 


Insecticide 

Quantity  (tons)® 

BHC 

200,000 

Lindane 

2,000 

DDT 

10,000  to  20,000 

Trichlorphon 

50,000 

Malathion 

50,000 

Methyl/ethyl  parathion 

25,000 

Dimethoate 

small 

Systox 

300 

Carbaryl 

300 

Fenitrothion 

small 

a  To  convert  to  metric  tons,  multiply  these  values  by  0.907. 

4 


Table  9.  U.S.  insecticide  use  on  com,  rice,  cotton,  soybeans,  and  wheat.7’8 

Year 

Compound 

1966 

1976 

1982 

Millions  of  pounds® 

Toxaphene 

28.6 

29.2 

5.6 

DDT 

19.9 

— 

— 

Aldrin 

14.2 

— 

— 

Methyl  parathion 

7.3 

22.1 

10.4 

Parathion 

4.4 

— 

— 

Carbofuran 

— 

10.3 

5.3 

EPN 

— 

6.2 

— 

Carbaryl 

— 

5.8 

— 

Phorate 

— 

5.8 

— 

Terbufos 

— 

— 

8.7 

Fonophos 

— 

— 

5.1 

a  To  convert  to  metric  tons,  multiply  these  values  by  4.54  x  10 
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Table  10.  Changes  in  demand  for  types  of  insecticides  by  main  user  regions  (1975  to 
1990).® 


1975 

1990  test.) 

North 

Western 

Other 

North 

Western  Other 

America 

Europe 

regions 

America 

Europe  regions 

Millions  of  dollars 

Organophosphates 

290 

220 

590 

750 

400 

1300 

Carbamates 

120 

90 

260 

320 

170 

560 

Chlorinated  hydrocarbons 

68 

SO 

202 

30 

30 

140 

Nonchemical  insecticides 

15 

5 

20 

100 

50 

50 

Arsenic-based  compounds 

7 

10 

3 

— 

— 

-- 

Total 

500 

375 

1075 

1200 

650 

2050 

pesticide-contaminated  water  (see  Table  11).  Nevertheless,  nonspecific  effects  such  as 

these  can  be  expected  to  be  underreported,  particularly  in  areas  where  microbial 

contamination  of  local  drinking-water  supplies  is  common.  In  addition,  there  are  many 

reports  of  acute  outbreaks  of  such  health  effects  where  the  drinking  water  has  been  the 

20 

suspected  source  of  an  unidentified  causative  agent.  Some  of  these  outbreaks  could 
have  been  caused  by  pesticides.  Thus,  while  it  does  not  appear  that  pesticide 
contamination  of  drinking  water  is  a  common  occurrence,  we  should  be  cautious  in 
concluding  that  it  is  as  infrequent  as  the  few  well-documented  reports  suggest. 

PESTICIDES  OF  MOST  CONCERN  AS  CONTAMINANTS  IN  FOREIGN  WATER  SUPPLIES 

The  results  of  the  two-stage  evaluation  to  identify  and  characterize  the  most  serious 
pesticide  hazards  are  described  below.  The  primary  screening  identified  ten  pesticides 
that  warranted  further  scrutiny.  The  evaluations  of  the  ten  individual  pesticides 
constitute  the  secondary  screening  and  follow  the  discussion  of  the  primary  screening  step. 

Primary  Screening 

Table  12  presents  data  and  lists  the  50  pesticides  for  which  we  found  monitoring  data 
in  the  open  literature.  The  underlined  pesticides  are  those  that  met  the  criteria  for 
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Table  11.  Health  incidents  from  pesticides  in  water. 


Pesticide 

Source  of  water 
contamination 

Health  effects 

Concentration 

Ref. 

Arsenic 

mix 

Groundwater 
contamination 
from  waste 
disposal 

Nausea,  burning 
of  mouth,  pares¬ 
thesia,  weakness 
of  extremities 

10  to  21,000  pg/L 

11 

Sodium 

arsenite 

Leachate 
from  lawn 

Vomiting, 
stomach  pains 

125  mg/L 

12 

Dieldrin 

Leachate 
from  farms 

Cancer 

(lymphoma) 

0.5  to  65  ng/L 

13 

Chlordane 

Back- 

siphonage 

Abdominal  pain, 
eye  irritation 

1,200  mg/L 

14,15 

Chlordane 

Deliberate 

poisoning 

Abdominal  pain, 
eye  irritation 

6,600  pg/L 

16 

Organo- 

phosphates 

Unknown 

Unknown 

Unknown 

17 

Unknown 

herbicide 

Treatment 
of  lawn 

Headache, 

vomiting, 

dizziness 

Unknown 

18 

Methyl 

parathion 

Uncertain 

Death  in  2  of  7 
children,  lethargy, 
increased  salivation 
and  respiratory 
secretions,  pinpoint 
pupils.3 

138  to  275  pg/Lb 

19 

a  Originally  diagnosed  as  viral  gastroenteritis. 

k  Concentrations  measured  in  water  containers  in  house  of  affected  children. 


further  evaluation;  that  is,  the  maximum  reported  concentration  exceeded  either  the 
AOI-based  screening  concentration  or  the  LD50-based  screening  concentration. 
Presumably,  the  pesticides  that  are  not  underlined  are  unlikely  to  be  found  at  levels  that 
threaten  health,  even  for  long-term  exposure.  Similarly,  the  pesticides  that  are  not 
underlined  are  considered  unlikely  to  be  found  at  levels  that  would  cause  performance 
degradation  in  troops. 
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Table  12.  Primary  screening  list.8 
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Table  12.  (Continued) 
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a  Underlined  pesticides  are  those  identified  for  further  screening,  based  on  monitoring  data  being  in 
either  the  ADI-based  or  LD50- based  screening  concentration. 

k  Oral  LD50  for  mouse. 
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Taste  and  odor  thresholds  (see  Appendix  B)  were  compared  to  maximum  reported 
concentrations  in  water  (see  Appendix  C  and  Table  12).  Threshold  concentrations  were  not 
available  for  all  pesticides  reported  in  our  monitoring  data  base.  However,  the  pesticides 
which  were  present  at  levels  exceeding  their  taste  or  odor  threshold  included  DDT, 
lindane,  malathion,  and  methyl  parathion. 

Secondary  Screening 

The  following  section  states  the  results  of  the  secondary  screening  of  the  ten 
pesticides  identified  in  the  primary  screening.  The  section  describes  the  events  leading  to 
the  presence  of  each  subject  pesticide  in  water,  characterizes  each  exposure  ( e.g.,  level 
and  duration),  and  discusses  the  probable  consequences  of  the  exposure.  The  pesticides 
evaluated  include  aldrin,  DDT  (including  DDE  and  DDD),  diazinon,  dieldrin,  endrin, 
leptophos,  lindane  (including  other  BHC  isomers),  malathion,  phosphamidon,  and 
toxaphene. 

9  *' 

23 

Aldrin.  Aldrin  is  a  broad-spectrum,  nonsystemic  soil  insecticide.  It  readily  oxidizes  to 
dieldrin,  its  main  metabolite.24 

Although  aldrin  is  no  longer  produced  in  the  U.  S.,  it  is  still  used  here  in  deep  ground 

insertions  for  termite  control,  nursery  dipping  of  roots  and  tops  of  nonfood  plants,  and 

fabric  mothproofing  when  there  is  no  effluent  discharge.  Previously,  however,  the 

major  U.S.  agricultural  use  had  been  for  control  of  soil  insects  that  damage  com  and  citrus 
25 

crops.  Its  use  on  food  crops  has  since  been  cancelled  on  the  basis  that  it  may  cause 

25  26 

severe  environmental  damage  and  is  a  potential  carcinogen.  ’  Outside  the  U.S.,  aldrin 

23 

is  still  widely  used  on  com,  root  crops,  sugar  cane,  and  fruit  crops.  In  addition,  it  is  also 

23 

used  for  seed  treatment. 

In  the  open  literature,  the  reported  concentrations  of  aldrin  in  water  ranged  from  0 

to  1.8  pg/L  (see  Appendix  C).  The  typical  average  value  for  detected  samples  was  less  than 

0.5  pg/L.  The  highest  value  (1,8  pg/L)  was  detected  in  Malaysian  paddy  water,  as  were  the 

majority  of  high  concentrations  .  Unfortunately,  the  author  did  not  give  an  explanation 

for  these  values.  Given  aldrin' s  water  solubility  of  up  to  180  pg/L  (at  25®C),  it  is 

28-29 

reasonable  to  believe  that  the  monitored  values  do  exist. 

23 

Aldrin  is  a  persistent  chlorinated-hydrocarbon  insecticide.  Since  it  is  used 

primarily  as  a  soil  insecticide,  it  enters  water  systems  by  way  of  soil  erosion  and  sediment 

transport.  Aldrin  is  rapidly  converted  to  dieldrin  and  remains  persistent  in  the 

environment  in  that  form.  Studies  have  shown  that  the  conversion  of  aldrin  to  dieldrin  in 

30 

river  water  -was  80%  complete  after  8  wk.  In  soils,  residues  of  aldrin  may  persist  for 
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30 

yean.  In  one  study,  26%  aldrin  remained  after  1  y,  5%  after  3  y.  Other  studies  show  a 

31 

75  to  100%  disappearance  from  soils  in  1  to  6  y.  Furthermore,  aldrin  has  little  tendency 

32 

to  volatilize  or  leach  and  thus  tends  not  to  move  away  from  the  treated  area.  In  soils, 

the  major  route  of  breakdown  of  aldrin  is  by  microbial  degradation.  In  aquatic 

environments,  biotransformation,  volatilization,  bioaccumulation,  and  indirect  photolysis 

29 

appear  to  be  involved  in  the  degradation  of  aldrin. 

For  a  70-kg  individual  who  drinks  15  L  of  water  per  day,  we  estimated  the 

dose-response  (concentration  in  water  -  dose  [mg/(kg  •  d)]  x  70  kg/15  L  of  water  per  day) 

of  aldrin  in  water.  As  can  be  seen  in  Table  13,  the  maximum  concentration  reported  in  the 

open  literature  (1.8  pg/L)  and  the  solubility  of  aldrin  in  water  (up  to  180  pg/L  at  25°C)  are 

well  below  the  no-effect  level  (1000  pg/L).  Hence,  although  aldrin  persists  in  the 

environment,  reported  concentrations  do  not  approach  levels  that  might  be  harmful  to 

military  personnel.  The  International  Agency  for  Research  on  Cancer  (IARC)  evaluated 

the  carcinogenicity  of  aldrin  and  found  two  studies  on  rats  to  be  negative  and  two  to  be 

inadequate;  a  fifth  study  on  mice  was  also  judged  to  be  inadequate.  A  study  on  exposed 

36 

workers  was  judged  insufficient  to  allow  conclusion  of  excess  cancer  risk. 

DDT.  Technical  DDT  is  a  mixture  including  about  70  to  73%  of  the  p,p'  -isomer,  12  to 

29 

21%  of  the  o,p'  -isomer,  and  a  small  amount  (about  0.01  to  6%)  of  the  o, o' -isomer. 
DDT  can  degrade  in  the  environment  to  DDD  and  DDE.  Most  monitoring  data  are  available 
for  the  p,p' -isomer,  but  there  is  also  a  relatively  large  amount  of  data  on  the  o,p' -isomer 
and  on  DDD  and  DDE. 

Although  DDT  was  banned  from  large-scale  use  in  the  United  States  in  1973,  large 
amounts  of  it  are  still  used  for  insect  control  in  many  parts  of  the  world.  It  is  used  on 
many  crops  and  is  applied  directly  to  water  for  mosquito  eradication  in  the  malaria  control 
programs  of  many  countries. 

The  DDT  concentration  reported  in  various  waters  from  around  the  world  are,  with 

very  few  exceptions,  less  than  1  pg/L.  One  study  reported  finding  DDT  at  1500  pg/L  in  a 
37 

rural  pond  in  India.  This  is  more  than  10  times  greater  than  the  next  highest  average 

reported  concentrations,  which  are  from  the  Seyhan  Delta  of  Turkey  (see  Appendix  C, 

37  38 

Table  C-18).  The  highest  levels  of  DDT  are  usually  reported  following  storms  '  and 

39 

are  probably  related  to  the  sediment  burden  of  the  runoff. 

The  generally  low  levels  reported  for  DDT  concentrations  are  consistent  with  the 

extremely  low  solubility  of  DDT  in  water.  Reports  of  DDT  solubility  in  water  vary  from 
29 

>1.2  to  85  pg/L.  Levels  in  natural  waters  containing  organic  material  can  greatly 

40 

exceed  the  levels  soluble  in  distilled  water  ,  or  DDT  may  be  present  in  water  as  an 


23 


Volume  2,  Pt.  2 


Table  13.  Dose-response  data  for  aldrin. 


Equivalent  expressions  for  dosea 


Food 

contaminant 

(mg/(kg»day)] 

Water 

concentationb 

(pg/L) 

Response0 

Ref. 

0.47 

Acceptable  Daily  Intake  (ADI) 

21,  33 

930 

No  effect  (dog) 

34 

0.2 

1000 

No-clinical-effects  level  (2  y) 

34 

8.2 

38,000 

Death  (child) 

34 

14.0 

65,000 

Central  nervous  system  problems 

30 

25.6 

120,000 

Acute  convulsive  poisoning 

34 

56.0 

260,000 

Death 

30 

65.0 

300,000 

Estimated  median  lethal  dose 

26 

a  Water  concentration  is  calculated  from  the  food-contaminant  dose  on  the  basis 
of  a  70-kg  adult  consuming  15  L/d  of  field  water. 

b  Maximum  water  concentration  reported:  1.8  pg/L  (see  Appendix  C);  solubility  of 
aldrin  in  water:  up  to  180  pg/L  at  25°C. 

c  Human  dose-response  unless  otherwise  indicated. 

d  No  separate  ADI  for  man  has  been  set  for  aldrin,  although  a  total  dieldrin  and  aldrin 
ADI  for  man  of  0.0001  mg/kg  body  weight  has  been  recommended. 


emulsion  rather  than  in  a  truly  dissolved  form.  The  report  of  1500  pg/L  did  not  describe 
the  sampling  or  analytic  methods  used,  nor  did  it  offer  any  explanation  of  how  such  a  high 
level  was  attained. 

Table  14  shows  water  concentrations  that  would  deliver  acutely  toxic  doses  of  DDT 
if  15  L  of  water  was  consumed  daily  by  a  70-kg  adult.  The  acutely  toxic  concentrations 
are  about  10,000  times  higher  than  typical  DDT  concent  rations  reported  in  the  literature. 
The  concentration  that  corresponds  to  the  Acceptable  Daily  Intake  (ADI)  for  DDT  is 
23  pg/L  and  is  higher  than  most  of  the  concentrations  reported  in  the  literature,  which  are 
predominantly  below  l  pg/L. 

However,  as  the  DDT  levels  in  the  pond  water  from  India  indicate,  very  high 
concentrations  may  be  present  in  some  situations.  As  can  be  seen  in  Table  14,  the 
1500-pg/L  concentration  reported  from  the  pond  is  well  below  the  concentration 
associated  with  an  acutely  toxic  dose  (28,000  pg/L).  It  is  even  somewhat  lower  than  the 
concentration  associated  with  a  dose  that  was  tolerated  for  600  d  (2300  pg/L)  without 


24 


Volume  2,  Pt.  2 


Table  14.  Dose-response  data  for  DDT. 


Equivalent  expressions  for  dosea 


Food 

contaminant 

[mg/(kg*day)] 

Water 

concentration^ 

(Pg/L) 

Response0 

Ref. 

0.005 

23 

Acceptable  Daily  Intake  (ADI) 

21,  41 

0.5 

2,300 

No  clinical  effects  after 
>600-d  exposure 

42 

6 

28,000 

Smallest  dose  with  clinical  effect; 
nausea,  headache,  perspiration 

43 

10 

47,000 

No  signs  of  poisoning  below  this  dose 
in  healthy  people 

43 

16 

75,000 

Convulsions  appear 

43 

a  Water  concentration  is  calculated  from  the  food-contaminant  dose  on  the  basis 
of  a  70-kg  adult  consuming  15  L/d  of  field  water. 


b  Maximum  water  concentration  reported:  1500  pg/L  (see  Appendix  C);  solubility  of 
DDT  in  water:  >1.2  to  85  pg/L.29 

c  Human  dose-response  unless  otherwise  indicated. 


42 

producing  clinical  effects,  although  increased  body  storage  of  DDT  was  detected.  DDT 

has  been  tested  for  carcinogenicity  in  several  animal  species,  and  some  of  these  tests 

produced  positive  results  (e.g.,  in  mice).  Human  data  were  not  considered  by  IARC  to 

36 

be  sufficient  to  support  a  conclusion. 

Because  of  the  low  water  solubility  of  DDT  and  the  low  human  toxicity  of  DDT,  it 
appears  that  the  probability  is  low  that  DDT  in  drinking  water  will  cause  acute  or  chronic 
health  problems  in  troops.  However,  one  caveat  to  this  conclusion  is  that  unpredictably 
high  levels  of  DDT  may  arise  following  its  direct  application  to  water  for  such  purposes  as 
mosquito  control.  In  such  uses,  DDT  may  be  present  as  an  emulsion,  may  be  floating  on 
top,  or  may  be  adsorbed  by  organic  matter  in  the  water. 

23 

Diazinon.  Diazinon  is  a  nonsystemic,  broad-spectrum  insec ticide/acaricide.  Its  main 

44 

metabolites  are  diazoxon,  hydroxydiazinon,  pyrimidinol,  and  hydroxypyrimidinol. 
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Several  uses  for  diazinon  are  described  in  two  reports  addressing  agricultural 

f\  M 

chemicals  and  pesticides.  *  For  example,  in  the  U.S.,  diazinon  is  used  on  various  fruits, 
vegetables,  root  crops,  and  vineyards  for  the  control  of  sucking  and  leaf-eating  insects.  It 
is  also  used  for  seed  treatment  und  as  a  soil  preplanting  insecticide.  Diazinon  is  often 
used  in  veterinary  practice  for  flea,  lice,  tick,  and  fly  control.  It  is  also  used  to  treat 
cracks  and  crevices  for  insect  control.  Outside  the  U.S.,  diazinon  is  used  for  the  control 
of  stemborers  and  leafhoppers  in  rice.  It  is  also  used  for  ectoparasites  (e.g.,  mange, 
blowfly)  on  livestock. 

Based  on  studies  reported  in  the  open  literature,  it  appears  that  diazinon  is  seldom 
detected  in  water  samples  (see  Appendix  G,  Table  C-19).  The  highest  reported  occurrence 
of  diazinon  was  in  rice  paddy  water  in  Iran.46  However,  this  study  was  conducted  for 
experimental  purposes  to  assess  the  breakdown  rate  of  diazinon  in  rice  fields.  A  maximum 
concentration  of  60  pg/L  was  detected  immediately  after  application.  However,  by  the 
tenth  day,  no  diazinon  remained  in  the  water.  The  maximum  concentration  (60  pg/L)  is 

DA  *51 

well  below  diazinon's  water  solubility  of  40,000  pg/L  (at  20°C).  ’ 

32 

Diazinon  is  considered  to  be  a  moderately  persistent  pesticide.  It  usually  enters 
water  systems  by  means  of  leaching  or  surface  runoff.  However,  aquatic  systems  remote 
from  target  areas  are  unlikely  to  be  adversely  affected,  unless  heavy  rainfalls  occur 
shortly  after  application.  The  half  -life  of  diazinon  varies  with  pH  values.  For  instance, 
at  pH  3.14  the  half-life  in  water  was  0.5  d,  while  at  pH's  of  7.4  and  10.9,  the  half-life  was 
185  and  6  d,  respectively.  Therefore,  it  appears  that  at  high  or  low  pH,  diazinon  has  a 
short  half-life;  however,  at  a  neutral  pH  it  has  a  long  half-life.  In  soil,  the  half-life  of 
diazinon  ranges  from  2  to  6  wk.3*’44  Generally,  after  six  months,  less  than  10%  of 
diazinon  still  remains.  Contamination  of  soil  occurs  either  by  direct  application  as  soil 
insecticide  or  by  runoff  from  treated  plants.44  Diazinon  dees  not  move  freely  in  soil  with 
water,  and  loss  by  leaching  does  not  appear  to  be  a  major  factor  in  its  disappearance  from 

4fi  'jo 

soil.  Instead,  the  primary  pathway  of  degradation  in  both  soil  and  water  is  hydrolysis. 

As  can  be  seen  in  Table  15,  the  maximum  concentration  detected  in  world 

monitoring  studies  (60  pg/L)  is  below  toxic  levels  (assuming  that  a  70-kg  human  consumes 

15  L  of  water  per  day.)  Given  its  typical  concentrations  and  its  persistence  in  water 

(half-life  -  14  d  at  pH  6.0),  diazinon  does  not  appear  likely  to  cause  poisoning  of  military 

personnel.  Data  from  chronic  oral-toxicity  studies  do  not  suggest  that  diazinon  is 
47 

oncogenic. 

Dieldrin.  Dieldrin  is  a  nonsystemic  soil  insecticide.  No  data  on  water  metabolites  were 
found.  However,  Sanborn  et  al.  state  that  dieldrin  itself  is  one  of  the  most  persistent 
chlorinated  pesticides. 
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Table  15.  Dose-response  data  for  diazinon. 


Equivalent  expressions  for  dose® 

Food 

contaminant 

[mg/(kg»day)] 

Water 

concentration0 

(pg/L) 

Response0 

Raf. 

0.002 

9 

Acceptable  Daily  Intake  (ADI) 

21,32 

0.020d 

93 

No  effect 

34 

0.05 

230 

Minimal  effect,  40%  depression 
of  plasma  cholinesterase 

46 

11 

61,000 

Severe  poisoning 

34 

90  to  444 

420,000  to 
2,000,000 

Death 

34 

a  Water  concentration  is  calculated  from  the  food-contaminant  dose 
of  a  70-kg  adult  Consuming  15  L/d  of  field  water. 

on  the  basis 

b  Maximum  water  concentration  reported:  60  pg/L.  (see  Appendix  C);  solubility  of 
diazinon  in  water:  40,000  pg/L. 

0  Human  dose-response  unless  otherwise  indicated. 


d  Some  poisoning  episodes,  either  in  connection  with  formulations,  or  with  the 
susceptibility  of  children,  or  both,  cast  doubt  on  this  conclusion. 


Preharvest  uses  of  dieldrin  include  soil  treatment  against  various  insects,  and  seed 

treatment  of  grains,  sugar  beets,  leeks,  and  onions.  In  addition,  dieldrin  is  used  in  foliar 

treatment  of  agricultural  crops,  fruits,  nursery  stocks,  and  ornamentals.  In  tropical  and 

subtropical  regions,  dieldrin  controls  disease  vectors  and  locusts.  The  worldwide  use 

pattern  of  dieldrin  has  changed  considerably  during  the  last  few  years  because  of 

49 

restrictions  in  many  countries.  Therefore,  it  is  difficult  to  assess  the  areas  of  greatest 
use. 

In  comparison  with  other  pesticides,  many  water-concentration  values  were  reported 
for  dieldrin  in  the  open  literature.  For  example,  average  reservoir- water  levels  in  Israel 
range  from  "not  detected"  to  0.0002  pg/L,  and  groundwater  levels  in  Egypt  ranged  from 
"not  detected"  to  0.3  pg/L.  The  highest  level  of  dieldrin,  1.03  pg/L,  was  found  in  drinking 
waters  in  the  Virgin  Islands.  According  to  the  authors  of  the  article  in  which  this 
concentration  was  reported,  the  "water  may  be  imported  from  areas  like  Puerto  Rico, 
where  insecticide  use  is  probably  more  common."50  The  next  highest  value, 
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0.5  pg/L,  was  found  in  canal  water  in  Malaysia.  The  solubility  of  dieldrin  in  water  is 

188  pg/L.81  Therefore,  it  is  reasonable  to  assume  that  a  maximum  concentration  of 

1.03  pg/L  or  higher  could  be  attained  in  the  aquatic  environment. 

As  mentioned  earlier,  dieldrin  is  one  of  the  most  persistent  chlorinatod  pesticides. 

Few  data  are  available  on  the  biodegradation  of  dieldrin.  We  do  know  that  the 

biodegradation  process  is  very  slow  and  may  be  the  ultimate  loss  process  in  sediments.  In 

contrast,  volatility  (half-life  of  a  few  days  or  hours)  and  photolysis  (half-life  of  2  mo)  are 

29  52 

the  principal  processes  that  remove  dieldrin  from  aquatic  systems.  ’  Processes  such  as 
oxidation  and  hydrolysis  do  not  significantly  affect  that  fate  of  dieldrin. 

53—55 

Health  effects  in  humans  from  exposure  to  dieldrin  have  been  investigated. 

Hunter  et  al.55  found  that  patients  given  0.211  mg/(kg«d)  of  dieldrin  for  two  years  did  not 

show  any  clinical  effects  (e.g.,  body  weight,  clinical  chemistry,  and  hematological 

findings,  including  plasma  alkaline  phosphatase  and  EEC  changes).  Assuming  that  a  70-kg 

man  drinks  15  L  of  water  per  day,  0.211  mg/(kg*d)  corresponds  to  980  pg/L  (see  Table  16). 

In  addition,  Jager54  found  that  men  in  the  workplace  could  tolerate  0.0332  mg/(kg«d) 

(corresponding  to  155  pg/L)  for  up  to  15  y.  WHO's  1977  Acceptable  Daily  Intake  (ADI)  is 
*  21 

0.0001  mg/kg,  corresponding  to  0.47  pg/L.  Dieldrin  produced  liver  tumors  in  mice,  and 

this  has  been  confirmed  in  several  studies.  Tests  on  other  species  and  human 

36 

epidemiology  studies  were  considered  inconclusive. 

The  highest  concentration  reported  in  the  literature  (1.03  pg/L)  is  at  or  below  the 
no-effect  concentrations  listed  in  Table  16.  Thus,  ingesting  water  with  the  highest 
concentration  of  dieldrin  found  is  not  expected  to  cause  adverse  effects.  Convulsions, 
followed  by  recovery,  were  observed  at  23  mg/lkg*d),  corresponding  to  107,000  pg/L  (again 
assuming  that  a  70-kg  human  drinks  15  L  of  water  per  day).  However,  this  value  exceeds 
the  maximum  solubility  value  for  dieldrin  (186  vs  107,000  pg/L).  Typical  dieldrin  levels 
appear  more  likely  to  be  near  the  median,  0.008  pg/L  (antilog  of  the  mean  of  the  natural 
logarithms  of  the  highest  reported  values,  see  Appendix  C,  Table  C-20),  which  is  well 
below  the  level  corresponding  to  the  ADI.  Therefore,  dieldrin  in  drinking  water  is  not 
considered  likely  to  endanger  the  health  or  performance  of  military  personnel. 

Endrin.  Endrin  is  a  nonsystemic  insecticide.  Patil  et  al.  obtained  an  unknown 
metabolite  of  endrin  in  a  36%  yield  from  marine  fish-pond  water.  Unfortunately,  no  other 
water  metabolite  data  are  available. 

Endrin  is  used  mainly  on  field  crops  and  in  particular  on  cotton.51  It  is  also  used  for 

57 

rice,  small  cereal  grains,  and  sugar  cane.  Endrin  is  effective  against  a  wide  range  of 

23 

insect  species.  In  addition,  endrin  is  used  as  a  soil  insecticide. 
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Table  16.  Dose-response  data  for  dieldrin. 


Equivalent  expressions  for  dosea 

Food 

contaminant 

[mg/(kg*day)l 

Water 

concentration0 

(pg/L) 

Response0 

Ref. 

0.0001 

0.47 

Acceptable  Daily  Intake  (ADI) 

49 

0.0332 

155 

Tolerated  for  15  y 

50 

0.211 

980 

No  clinical  effect  level  (2  y) 

55 

23 

107,000 

Convulsions,  child 
(with  recovery;  single  dose) 

34 

65 

303,000 

Death 

26 

a  Water  concentration  is  calculated  from  the  food-contaminant  dose  on  the  basis 
of  a  70-kg  adult  consuming  15  L/d  of  field  water. 

b  Maximum  Water  concentration  reported:  1.03  pg/L  (see  Appendix  C);  solubility  of 
dieldrin  in  water:  186  pg/L.51 

c  Human  dose-response  unless  otherwise  indicated. 


Concentrations  of  endrin  reported  in  the  open  literature  came  from  a  variety  of 

water  types.  In  many  of  the  waters  around  the  world,  endrin  is  undetectable.  However, 

when  detected,  values  typically  are  less  than  0.012  pg/L.  The  highest  concentration, 

1.5  pg/L,  was  found  in  Nile  River  water  at  Giza  in  Egypt  (see  Appendix  C).  Unfortunately, 

the  authors  did  not  explain  the  source  of  the  pesticide.  Because  the  solubility  of  endrin  is 
58 

230  pg/L,  it  is  reasonable  to  believe  that  the  maximum  reported  level  or  even  greater 
could  be  attained  in  water. 

Many  aspects  of  the  fate  of  endrin  are  unknown.  For  example,  no  information  is 

available  on  the  oxidation,  volatilization,  or  sorption  of  endrin  in  aquatic  systems. 

Similarly,  hydrolysis  (half-life  about  4  y)  does  not  seem  to  significantly  affect  the  fate  of 

endrin.  However,  both  photolysis  and  bioaccumulation  appear  to  play  significant  roles, 

3  4  29 

Bioaccumulation  factors  on  the  order  of  10  to  10  have  been  observed. 

60 

Hayes  reported  that  a  0.20-  to  0.25-mg/kg  dose  of  endrin  causes  a  single 
convulsion,  and  a  1-mg/kg  dose  of  endrin  causes  repeated,  nonfatal  convulsions 
(Table  17).  Notice  that  the  water  concentration  corresponding  to  the  dose  that  causes  a 
single  convulsion  (930  to  x2C0  pg/L)  is  greater  than  the  maximum  solubility 
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Table  17.  Dose-response  date  for  endrin. 


Equivalent  expressions  for  dosea 


Food 

contaminant 

[mg/(kg«day)] 

Water 

concentration6 

(P«/L) 

Response6 

Ref. 

0.0002 

0.90 

Acceptable  Daily  Intake  (ADI) 

21,  61 

0.014 

65 

Occupational  intake  standard 

34 

0.025 

120 

NOEL  (dog) 

61 

0.20  to  0.25 

930  to  1200 

Single  convulsion 

60 

4,600 

1.00 

Repeated,  nonfatal  convulsions 

34 

7  to  15 

33,000  to 
70,000 

Acute  oral  LD50  (rat) 

28 

30 

140,000 

Fatal  to  child 

60 

86 

400,000 

Lethal  dose 

61 

a  Water  concentration  is  calculated  from  the  food-contaminant  dose  on  the  basis 
of  a  70-kg  adult  consuming  15  L/d  of  field  water. 

b  Maximum  water  concentration  reported:  1.5  yg/L  (see  Appendix  C);  solubility  of  endrin 
in  water:  up  to  230  yg/L.58 

c  Human  dose-response  unless  otherwise  indicated. 


concentration  (230  yg/L).  In  fact,  the  dose  that  causes  a  single  convulsion  is  greater  than 

the  maximum  concentration  detected,  1.5  yg/L,  and  much  greater  than  the  concentration 

typically  detected  (<0.012  yg/L).  The  IARC  reviewed  animal  studies  of  endrin 

carcinogenicity  and  concluded  that  one  study  on  rats  was  negative;  they  found  that  two 

38 

other  studies,  one  on  rats  and  one  on  mice,  were  insufficient  for  evaluation. 

Although  endrin  appears  to  be  relatively  persistent  in  the  aquatic  environment, 
solubility  parameters  reduce  the  likelihood  of  endrin  rising  to  a  concentration  that  could 
cause  a  toxic  response.  Moreover,  the  highest  reported  concentration  of  endrin  found  in 
world  water  supplies  does  not  approach  toxic  levels.  Therefore,  based  on  theoretical 
considerations  and  the  available  monitoring  data,  it  seems  unlikely  that  endrin  would 
adversely  affect  military  personnel. 
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Leotophoa,  Leptophoa  is  a  broad-spectrum,  nonayatemic  insecticide.  Although  it  waa 
never  licensed  for  general  use  in  the  U.S.,  except  for  small  experimental  amounts, 
leptophoa  was  manufactured  here  from  1969  until  1976.34,63  During  that  period,  it  was 
exported  to  more  than  50  countries,  including  Egypt,  Canada,  Colombia,  Syria,  Mexico, 
Indonesia,  and  South  Vietnam.63-63  It  was  used  as  both  a  soil  and  foliar  insecticide 
against  a  ’vide  range  of  insects  on  cotton,  vegetables,  fruits,  and  maize.62,66 

In  the  open  literature,  the  only  reported  detection  of  leptophos  was  in  a  brackish 
pond  in  Indonesia.  Leptophos  was  deliberately  applied  to  this  pond  in  order  to  assess  its 
uptake  by  fish  and  persistence  in  the  aquatic  environment.  The  maximum  concentration 
detected  was  13.47  yg/L,  sampled  immediately  after  application  (see  Appendix  C, 
Table  C-42).  Since  leptophos  has  a  water  solubility  of  2400  yg/L,29  it  is  reasonable  to 
believe  that  a  concentration  of  13.47  yg/L  could  have  been  obtained  in  the  aquatic 
environment. 

Studies  indicate  that  leptophos  is  a  moderately  persistent  insecticide.  One  study 
showed  that  after  4  mo,  40  to  100%  of  the  original  amount  of  leptophos  remained 

no 

unchanged  in  wafers  from  the  Nile  River,  irrigating  canals,  and  in  drainage  waters.  The 
principal  photodegradation  products  have  been  identified  as:  desbromoleptophos,  leptophos 
oxon,  o-methylphenylphosphonothioic  acid,  o-methylphenylphosphonic  acid,  4-bromo- 

cq 

2,5-chlorophenol,  and  2,5-dichlorophenol.  Leptophos  is  estimated  to  have  a  soil 

70 

persistence  of  approximately  2  mo.  In  laboratory  soil-column  studies,  leptophos 

70 

possessed  little  downward  mobility. 

Animal  dose-response  data  for  leptophos  are  presented  in  Table  18.  Toxicity  data 
are  included  not  only  for  the  rat  but  also  for  the  hen,  since  the  hen  is  considered  to  be  the 
most  sensitive  experimental  animal  for  studying  delayed-neurotoxicity  syndrome.74  The 
results  indicate  that  the  maximum  concentration  detected  in  world  monitoring  studies 
(13.47  yg/L)  is  well  below  the  toxic  level  for  either  rats  or  hens.  However,  reports  have 
shown  that  desbromoleptophos,  a  photodegradation  product,  appears  to  be  8  to  10  times 
more  active  as  a  delayed  neurotoxin  in  hens  than  leptophos  itself.  Moreover,  the 
extensive  use  of  leptophos  in  Egypt  (about  8098  metric  tons  applied  from  1966  to  1975)  is 
associated  with  the  demyelinating  effect  and  subsequent  death  in  1971  of  more  than  1200 
water  buffalo  that  drank  leptophos-contaminated  water.63,75 

Private  communications  with  Velsicol  Chemical  Corp.,  which  discontinued 
production  of  leptophos  in  1976,  indicated  that  leptophos  is  no  longer  manufactured 
anyplace  in  the  world.  In  light  of  this  information,  leptophos  is  unlikely  to  be  found  in 
present  world  water  supplies  and  is  considered  unlikely  to  pose  a  health  hazard  to  military 
personnel  from  ingestion  of  drinking  water. 
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Table  18.  Dose- response  data  for  leptophos. 


Equivalent  expressions  for  dose® 


Food 

contaminant 

[mg/(kg*day)J 

Water 

concentration® 

(yg/L)  Response 

Exposure 

period 

Species 

Ref. 

0.001 

4.07 

Acceptable  Daily 
Intake  (ADI) 

Lifetime 

Human 

21,62 

1.6 

7,000 

Slight  inhibition 
of  red  cell, 
plasma,  and  brain 
cholinesterase 

12  wk  in 
diet 

Rat 

34 

4.4 

20,500 

No  effect 

12  wk  in 
diet 

Rat 

34 

24  to  91 

110,000  to 
420,000 

Acute  oral  LD50 

Rat 

71 

50 

•  #  230,000 

No  effect 

Single  dose 

Hen 

72 

5  to  10 

23,000  to 
47,000 

Ataxia 

4  mo  in  diet 

Hen 

72 

180 

840,000 

Threshold  ataxia 

Single  dose 

Hen 

73 

4,700 

22,000,000 

Oral  LD50 

Hen 

34 

a  Water  concentration  is  calculated  from  the  food-contaminant  dose  on  the  basis  of 
a  70-kg  adult  consuming  15  L/d  of  field  water. 

b  Maximum  water  concentration  reported:  13.47  yg/L  (see  Appendix  C);  solubility  of 
leptophos  in  water:  2400  yg/L.29 


Lindane.  The  insecticide  lindane  is  the  gamma-isomer  of  1,2, 3,4,5, 6-hexachloro- 
cyclohexane  (HCH).  The  term  "benzene  hexachloride"  (BHC)  is  often  used  when  referring 
to  HCH.  Eight  steric  isomers  of  HCH  have  been  isolated  from  the  technical  HCH  mixture, 
which  also  may  contain  small  amounts  of  heptachlorocyclohexane  and 
octachlorocyclohexane.  The  composition  of  the  technical  mixture  is  somewhat  variable. 
Even  though  the  gamma-isomer  (lindane)  is  the  insec ticidally  active  form,  the  technical 
HCH  mixture  is  also  sometimes  applied  as  an  insecticide.  Findings  of  HCH  in  water 
samples  were  reported  as  "total  HCH"  or  as  concentrations  of  the  alpha-,  beta-,  and 
gamma-isomers  (see  Appendix  C).  The  alpha-  and  beta-isomers  are  environmental 
transformation  products  of  lindane,  but  their  presence  in  water  could  also  result  from 
the  application  of  technical  HCH. 
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Lindane  is  commonly  used  against  a  wide  variety  of  pest  problems,  including  insects 
in  cotton,  rice,  seeds,  soil,  and  wood,  as  well  as  household  insects.  It  is  also  used  to 
control  vector-borne  diseases  such  as  malaria.28,34  Because  of  its  multiple  and 
large-volume  uses  in  many  countries,  lindane  is  likely  to  be  encountered  almost  anywhere. 
High  levels  of  lindane  in  water  may  result  from  its  direct  application  to  water  in  mosquito 
control  or  from  its  use  on  rice.34'48 

Most  of  the  lindane  concentrations  reported  in  the  open  literature  are  from  samples 
of  surface  water,  primarily  from  rivers  (see  Appendix  C,  Table  C-7).  Levels  of  up  to  1  to 
2  yg/L  were  occasionally  detected,  but  most  measurements  were  well  below  l  yg/L.  In  one 
instance,  however,  a  maximum  lindane  concentration  of  7.1  yg/L  was  found  in  surface 
water  in  West  Berlin  (see  Table  C-7,  p.  88).  Groundwater  samples  from  Israel  and  Egypt 
also  contained  only  low  levels  of  lindane,  occasionally  reaching  concentrations  of  1  to 
2  yg/L.  The  highest  levels  (1920  yg/L)  were  found  in  rice-paddy  water  following  the 
application  of  lindane  (see  Table  C-7,  p.  89)  and  in  potable  water  tanks  near  rice  paddies 
(1200  yg/L).  Water  concentrations  even  higher  than  the  highest  described  here  are 

2Q 

possible  since  lindane  is  soluble  in  water  to  the  extent  of  about  7  to  12  mg/L. 

Lindane  cannot  be  expected  to  rapidly  dissipate  from  water.  For  example,  in  the 
rice  paddy  mentioned  above,  the  lindane  level  had  only  diminished  to  1050  yg/L  nine  days 
after  Teimoory  and  Hosseiny-Shekarabi.45  measured  levels  of  1920  yg/L.  The  processes  of 
hydrolysis,  oxidation,  and  photolysis  do  not  appear  to  degrade  significant  amounts  of 
lindane  in  the  environment.  Lindane  is  removed  from  water  by  volatilization  and 
adsorption  to  suspended  solids,  which  eventually  settle  out  of  the  water  column. 
Microorganisms  in  bottom  sediments  then  transform  and  degrade  the  lindane 
molecule.29,77 

Almost  all  of  the  lindane  concentrations  reported  in  the  open  literature  are  below 

the  levels  that  might  have  adverse  toxicological  effects.  The  Acceptable  Daily  Intake 

78 

(ADI)  for  lindane  is  0.01  mg/kg  (see  Table  19).  This  daily  dose  corresponds  to  a 

concentration  of  47  yg/L  (assuming  that  a  70-kg  adult  consumes  15  L  of  water  per  day). 

The  EPA  interim  standard  for  lindane  is  4.0  yg/L.  As  mentioned  above,  reported 

concentrations  rarely  exceed  1  to  2  yg/L.  Technical  HCH  and  lindane  are  carcinogenic  in 

mice.  Studies  linking  technical  HCH  and  lindane  to  cancer  in  humans  were  considered 

35 

inconclusive  by  an  IARC  review  committee. 

Based  on  the  data  in  Table  19,  the  highest  lindane  concentrations  reported  in  the 
open  literature  could  cause  performance-degrading  health  effects.  For  example,  ingestion 
of  30  to  40  mg  of  lindane  per  day  by  a  group  of  15  humans  produced  adverse  effects  in  six 
individuals,  including  convulsions  in  two.34,80  A  dose  of  30  mg/day 
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Table  19.  Mammalian  dose-response  data  for  lindane. 


Equivalent  expressions  for  dosea 


Food 

contaminant 

[mg/(kg*d)l 

Water 

concentration*3 

fog/L) 

Response 

Species 

Ref. 

0.01 

47 

Acceptable  Daily 

Intake  (ADI) 

Human 

21,78 

0.43  to 
0.57c 

2,000  to 
2,700 

Minimum  toxic  dose; 

6  of  15  poisoned, 

2  with  convulsions 

Human 

34 

1.25 

5,800 

No  toxic  effect 

Rat 

78 

1.0 

7,400 

No  toxic  effect 

Dog 

78 

400d 

1,900,000 

Mean  fatal  dose 

Human 

79 

a  Water  concentration  is  calculated  from  the  food-contaminant  dose  on  the  basis 
of  a  70- kg  adult  consuming  15  L/d  of  field  water. 

b  Maximum  water  concentration  reported:  1920  pg/L  (see  Appendix  C);  solubility  of 
lindane  in  water:  7.8  mg/L  at  25°C. 

c  Reported  as  30  to  40  mg/person. 

^  Reported  as  28  g/adult. 


administered  to  a  70-kg  adult,  is  equivalent  to  a  drinking-water  concentration  of 
2000  pg/L  being  consumed  at  a  rate  of  15-L/day  water.  Concentrations  approaching 
2000  pg/L  have  been  measured  in  water  in  agricultural  areas,  particularly  rice  paddies. 

Lindane  (and  technical  HCH)  is  one  of  the  most  heavily  used  insecticides  outside  of 
the  U.S.  It  is  soluble  in  water  at  levels  well  above  toxic  levels,  and  high  levels  can  persist 
in  water  for  periods  of  at  least  a  week,  if  not  longer.  In  addition,  levels  likely  to  produce 
acute  toxicity  have  been  measured  in  agricultural  waters.  Levels  in  flowing  rivers  and 
ground  water  are  apparently  much  lower.  Thus,  it  appears  that  lindane  presents  a 
potential  risk  of  performance  degradation  to  military  personnel  as  a  result  of  foreign 
water-supply  contamination,  particularly  agricultural  waters. 

Malathion.  Malathion  is  one  of  the  most  widely  used  organophosphate  insecticides.  It  is  a 
broad-spectrum  insecticide  used  on  crops,  in  homes,  and  for  mosquito  control,  especially 
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in  areas  where  the  mosquitoes  have  developed  resistance  to  DDT  and  BHC.  Because  of  its 
relatively  low  toxicity  to  mammals,  malathion  is  also  commonly  used  against  animal 

na  Am  a< 

ectoparasites,  including  lice  on  humans.  ' 

Malathion  levels  in  foreign  waters  reported  in  the  open  literature  are  typically  very 

low;  in  10  of  16  reports  listed  in  Appendix  C,  it  was  not  detected.  With  one  exception,  the 

highest  level  found  was  an  average  value  of  0.3  yg/L.  The  exception  was  a  finding 

of  1600  yg/L  reported  as  an  average  value  for  a  rural  pond  in  India.  The  report  did  not 

include  a  description  of  the  events  leading  to  the  high  malathion  level. 

Levels  of  1600  yg/L  and  higher  are  not  unreasonable  since  the  solubility  of  malathion 
82 

in  water  is  145,000  yg/L.  The  persistence  of  high  levels  is  variable  and  will  depend  on 

83 

factors  such  as  the  pH,  biological  activity  of  the  water,  and  other  factors.  Studies 

examining  the  persistence  of  malathion  in  water  reported  findings  such  as  a  half-life  of 

less  than  1  wk  in  a  raw-water  sample,  almost  complete  degradation  in  10  d,  75%  reduction 

in  1  wk,  and  complete  reduction  in  4  wk.  In  another  report,  malathion  sprayed  on  a 

log  pond  was  reported  to  be  effective  against  mosquitoes  for  up  to  6  wk.47  The  National 

Academy  of  Sciqnce  commented  that  malathion  is  generally  degraded  faster  in  water  than 

other  organophosphate  pesticides,  but  the  production  and  persistence  of  metabolites  is 

47 

largely  uninvestigated. 

The  only  toxic  effects  firmly  attributable  to  malathion  itself  are  nervous  system 

81 

problems  caused  by  the  accumulation  of  acetylcholine.  Some  malathion  formulations 
proved  to  be  unusually  toxic,  and  this  was  attributed  to  contaminants  (e.g., 
isomalathion).  The  available  information  on  carcinogenicity  does  not  provide  evidence 
that  malathion  is  likely  to  present  a  carcinogenic  risk  to  humans.84  Most  reported  levels 
of  malathion  in  water  are  well  below  those  that  are  considered  by  WHO  to  be  safe  for 
long-term  exposures.  However,  a  dose  equivalent  to  one  a  70-kg  adult  would  receive  by 
consuming  water  containing  the  highest  reported  levels  (1600  yg/L)  at  a  rate  of  15  L/d  did 
produce  a  25%  reduction  in  plasma  cholinesterase  activity  within  2  wk.  The  exposures  to 
this  dose  continued  for  56  d  and,  while  cholinesterase  remained  depressed,  there  were  no 
clinical  effects  observed  or  reported  in  the  exposed  individuals  (see  Table  20).  Clinical 
symptoms  of  acute  organophosphate  poisoning  (i.e.,  blurred  vision,  headache,  nausea, 
vomiting)  do  not  usually  appear  until  cholinesterase  levels  are  depressed  to  50%  or  less  of 
baseline  levels.  The  highest  levels  of  malathion  reported  in  the  literature  probably 
would  cause  biochemically  detectable  changes  (i.e.,  depressed  cholinesterase  levels),  but 
probably  would  not  cause  performance  degradation  in  troops.  However,  troops  with 
depressed  cholinesterase  levels  would  be  more  susceptible  to  other  cholinesterase- 
inhibiting  pesticides  or  agents. 
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Table  20.  Dose-response  data  for  malathion. 


Equivalent  expressions  for  dosea 


Food 

contaminant 

[mg/(kg*day)J 

Water 

concentration® 

(pg/L) 

Response® 

Ref. 

0.02 

93 

Acceptable  Daily  Intake  (ADI) 

21,  86 

0.2 

900 

No  adverse  effect 

86 

0.23d 

1,000 

No  significant  effect  in  47  d 

85 

0.34® 

1,600 

No-discemible-effects  threshold 
for  56-d  exposure 

86 

71* 

330,000 

Minimum  fatal  dose 

47 

a  Water  concentration  is  calculated  from  the  food-contaminant  dose  on  the  basis 
of  a  70-kg  adult  consuming  IS  L/d  of  field  water. 

b  Maximum  water  concentration  reported:  1600  yg/L  (see  Appendix  C);  solubility  of 
malathion  in  water:  145,000  yg/L.82 

c  Human  dose-response  unless  otherwise  indicated. 

**  Reported  as  16  mg/person. 

6  Reported  as  24  mg/person. 

*  A  *7 

Minimum  fatal  dose  is  estimated  to  be  about  5  g. 

Even  though  malathion  is  one  of  the  less  toxic  organophosphorus  insecticides,  it  can 
be  dissolved  in  water  to  much  higher  concentrations  than  those  likely  to  cause 
performance-degrading  health  effects.  Considering  this  and  the  large  amounts  of 
malathion  that  are  used  around  the  world,  it  is  surprising  that  there  were  not  more  reports 
of  high  malathion  concentrations  in  water,  and  that  there  were  not  more  reports  of  human 
poisoning  from  malathion  in  drinking  water.  The  relatively  short  half-life  of  malathion  in 
water  is  probably  at  least  partly  responsible  for  this.  High  levels  are  unlikely  to  persist  in 
water  for  several  weeks  without  continued  entry  of  the  pesticide  into  the  water. 

23  28 

Phosphamidon.  Phosphamidon  is  a  systemic,  broad-spectrum  insecticide/acaricide.  ’ 

Chemically,  it  is  a  mixture  of  approximately  30%  alpha-isomer  (trans-phosphamidon)  and 

67 

70%  beta-isomer  (cis-phosphamidon);  the  latter  form  is  more  active  biologically. 

23 

Phosphamidon  is  used  extensively  on  about  every  crop  grown  in  the  world.  It  is 
mainly  used' against  sucking  insects  in  rice,  thrips  in  cotton,  and  aphids  in  a  wide  variety  of 
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In  the  open  literature,  the  maximum  concentration  reported  for  phosphamidon  in 
water  was  110  pg/L  from  rice  fields  in  lran.4S  This  was  an  experimental  study  designed  to 
evaluate  the  degradation  rate  of  phosphamidon,  applied  at  0.75  L/hectare.  Immediately 
after  application,  residues  of  110  pg/L  were  detected.  However,  by  the  third  day,  the 
residues  had  decreased  to  50  pg/L  and  had  completely  disappeared  by  the  tenth  day.  No 
typical  concentration  level  for  phosphamidon  could  be  determined  because  of  the  absence 
of  detection  data  in  worldwide  monitoring  literature.  Phosphamidon  is  completely 

A  i 

miscible  with  water. 

Phosphamidon  finds  its  way  into  water  supplies  primarily  by  means  of  surface 

23  87 

runoff.  Its  half-life  in  water  is  less  than  2  wk.  In  soil  its  half-life  ranges  from  0  to 

88  88 
30  d.  No  soil  metabolites  have  been  reported. 

As  can  be  seen  in  Table  21,  the  maximum  detected  concentration  (110  pg/L)  reported 

in  world  monitoring  studies  does  not  approach  toxic  levels.  Although  phosphamidon  is 

reported  to  be  a  cholinesterase  inhibitor,  there  are  no  reports  in  the  literature  of 

cumulative  toxic  effects  to  humans  by  the  oral  route. 

Based  on  ,  the  relatively  low  concentration  found  in  water  immediately  after 

application  of  the  pesticide  on  a  rice  paddy,  its  short  persistence  in  water,  and  its  low 

toxicity,  phosphamidon  in  drinking  water  does  not  appear  to  be  a  likely  hazard  to  military 

personnel.  However,  because  phosphamidon  is  completely  miscible  with  water,  it  would  be 

possible  to  find  a  toxic  concentration  after  a  spill,  deliberate  contamination,  or  some 

other  unusual  event. 

Toxaphene.  Toxaphene  is  a  complicated,  chlorinated  camphene  mixture  containing  67  to 
29 

69%  chlorine.  The  toxaphene  mixture  consists  of  at  least  175  different  compounds, 

91 

fewer  than  ten  of  which  have  been  identified.  Among  other  names,  it  is  also  known  as 
28 

camphechlor. 

Toxaphene  is  manufactured  and  used  in  many  parts  of  the  world  (see  earlier 

discussion  of  pesticide  use).  In  many  countries  where  it  is  used,  toxaphene  is  used  in  very 

large  quantities,  often  exceeding  those  of  any  other  pesticide  (see  Tables  5  and  7).  For 

many  years,  toxaphene  was  the  pesticide  applied  in  greatest  quantity  in  the  U.S.  as 
92 

well.  It  is  used  against  insects  on  many  crops  and  herd  animals  and  is  used  extensively 

28  34  93 

on  cotton.  ’  It  is  also  occasionally  used  as  a  rodenticide. 

Despite  its  heavy  use  around  the  world,  there  are  very  few  reports  of  toxaphene 

measurements  in  water  samples.  This  is,  in  part,  attributable  to  the  difficulty  of 

detecting  and  quantifying  something  as  complex  as  toxaphene.  Because  toxaphene  is  used 

in  such  large  volumes,  we  supplemented  the  monitoring  data  with  reports  from  the  U.S. 
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Table  21.  Dose-response  data  for  phosphcmidon. 


Equivalent  expressions  for  dose® 

Food  Water 

contaminant  concentration^ 

(mg/(kg*day)J  (yg/L)  Response 

Exposure 

period 

Species 

Ref. 

0.001 

4.67 

Acceptable  Daily 
Intake  (ADI) 

Lifetime 

Human 

21,61 

1.25 

5,800 

No  effect 

2  y  in  diet 

Rat 

24 

2.5 

11,700 

No  effect 

90  d 

Rat 

89 

17  to  30 

79,000  to 
140,000 

Acute,  oral 

LD50 

— 

Rat 

89 

60  to  120 

280,000  to 
560,000 

No  clinical 
effect 

Single  dose 

Child 

34 

®  Water  concentration  is  calculated  from  the  food-contaminant  dose  on  the  basis 
of  a  70-kg  adult  consuming  15  L/d  of  field  water. 

b  Maximum  water  concentration  reported:  110  yg/L  (see  Appendix  C);  solubility  of 
phosphamidon  in  water:  completely  miscible  with  water.24 


The  highest  level  reported,  20.9  yg/L,  was  found  in  runoff  from  a  toxaphene-treated 
39 

cotton  field.  A  maximum  level  of  13.7  yg/L  was  found  in  a  lake  that  had  been  treated 
with  toxaphene  to  get  rid  of  unwanted  fish  species.  Toxaphene  could  not  be  detected  in 
samples  taken  from  several  different  locations  in  Africa,  nor  in  a  sample  of  potable  water 
in  rural  Australia  (see  Appendix  C). 

The  solubility  of  toxaphene  in  water  is  about  500  to  3000  yg/L  ;  thus,  levels  higher 

than  those  in  the  monitoring  data  in  the  open  literature  are  possible.  Toxaphene  is 

considered  to  be  moderately  persistent.  The  primary  way  that  toxaphene  is  removed  from 

water  appears  to  be  by  sorption  onto  particles  that  settle  to  the  bottom,  followed  by 

anaerobic  degradation  in  the  bottom  sediments.  Volatilization  may  also  contribute  to 

29 

the  disappearance  of  toxaphene  from  water  in  some  situations.  Thus,  toxaphene  may 

92 

only  persist  in  water  for  a  few  days,  or  it  could  persist  for  many  months. 

The  ADI  for  toxaphene  is  based  on  a  dose  to  rats  that  caused  no  adverse  effects.  In 
extrapolating  the  results  from  the  rat  study  to  a  human  ADI,  a  1000-fold  safety  factor  was 
applied.41  As  can  be  seen  in  Table  22,  the  dose  corresponds  to  a  concentration  in  water  of 
5.8  yg/L  when  15  L/day  of  such  water  is  consumed  by  a  70-kg  adult.  The  EPA 
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Table  22.  Dose-response  data  for  toxaphene. 


Equivalent  expressions  for  dosea 
Food  Water 

contaminant  concentration^  Exposure 


[mg/(kg«day)] 

(Cg/L) 

Response 

period 

Species 

Ref. 

0.00125 

5.8 

Acceptable  Daily 
Intake  (ADI)C 

Lifetime 

Human 

41 

0.6  to  0.8 

2,800  to  3,740 

No  adverse  effect 

2  y 

Monkey 

41 

0.6  to  1.5 

2,800  to  7,000 

No  adverse  effect 

2  y 

Dog 

41 

1 

4,600 

No  adverse  effect 

13  dd 

Human 

34 

3.5  to  10 

16,000  to 
44,000 

Fatal 

— 

Human 

92 

4 

18,000 

Intermittent  illness 

44  to  106  d 

Dog 

34 

a  Water  concentration  is  calculated  from  the  food-contaminant  dose  on  the  basis 
of  a  70-kg  adult  consuming  15  L/d  of  field  water. 


b  Maximum  water  concentration  reported:  20  pg/L  (see  Appendix  C);  solubilily  of 
toxaphene  in  water:  500  to  3000  pg/L.29 

c  Extrapolated  from  a  no-observed-effects  dose  to  rats  by  using  a  1000-fold  safety 
factor. 

d  Experimental  aerosol  exposure  equivalent  to  a  dosage  of  about  1  mg/(kg«d)  administered 
for  10  consecutive  days,  followed  by  3  wk  of  no  exposure,  and  then  administered  again  for 
3  more  days. 


47 

established  an  interim  drinking-water  standard  of  5  pg/L.  Solubility  considerations  and 
the  monitoring  data  suggest  that  these  levels  will  be  exceeded  in  water  near  sites  of 
toxaphene  usage,  but  it  appears  that  levels  much  higher  than  these  are  required  for 
performance  degradation,  particularly  if  exposures  are  limited  to  one  yecr. 

34  47 

There  are  few  reports  of  acute  or  fatal  poisonings  in  humans  from  toxaphene.  ’ 
One  study  listed  in  Table  22  revealed  no  adverse  effects  in  humans  exposed  by  aerosol  dose 
equivalent  to  about  1  mg/(kg*d)  for  13  d  total  (exposure  for  10  consecutive  days,  followed 
by  3  wk  without  exposure,  then  3  d  of  exposure).  The  same  dose  would  be  delivered  to 
70-kg  military  personnel  consuming  15  L  of  water  per  day,  containing  about  4600  pg/L  of 
toxaphene.  Long-term  animal  studies  disclosed  no  adverse  effects  at  doses  that 
correspond  to  water  concentrations  above  2800  pg/L  for  70-kg  troops  consuming  up  to 
15  L/d  of  water.  Frank  toxicity  in  dogs  occurred  at  a  dose  corresponding  to  about 
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18.000  yg/L.  Human  fatal  doses  are  roughly  estimated  to  be  in  the  range  of  3.0  to 

9.8  mg/kg  of  body  weight,  corresponding  to  water  concentrations  above  16,000  yg/L  for 

70-kg  troops  consuming  up  to  IS  L/d  of  water.  The  no-advense-effect  doses  and  the 

frankly  toxic  doses  are  at  or  above  the  solubility  of  toxaphene  in  water  end  are  well  above 

toxaphene  concentrations  reported  in  the  open  literature.  The  IARC  concluded  that  there 

is  sufficient  evidence  that  toxaphene  is  carcinogenic  in  mice  and  rats  and  recommends 

3B 

that  it  is  reasonable  to  treat  toxaphene  as  if  it  presented  a  carcinogenic  risk  to  humans. 

The  monitoring  data  show  that  toxaphene  concentrations  occasionally  exceed  those 
that  would  be  safe  for  a  lifetime  exposure  (5.8  yg/L).  However,  levels  of  toxaphene  in 
water  that  would  cause  performance  degradation  or  irreversible  health  effects  in  troops 
appear  to  be  unlikely. 


DISCUSSION  AND  CONCLUSIONS 

The  monitoring  data  and  accompanying  information  concerning  concentrations  of 
pesticides  in  foreign  water  supplies  provides  insight  into  the  situations  likely  to  result  in 
high  contamination  levels.  Combined  with  details  about  pesticide  sales,  environmental 
persistence,  and  other  pertinent  information,  important  characteristics  of  the  potential 
for  troop  exposure  to  pesticides  in  field  water  can  be  inferred.  Then,  evaluations  of  the 
toxic  doses  and  effects  of  pesticides  will  indicate  which  pesticides  are  most  likely  to 
degrade  troop  performance  as  a  consequence  of  such  exposure.  The  basic  conclusion 
drawn  from  the  available  data  is  that  while  pesticide  contamination  is  widespread,  it  is 
only  rarely  severe  enough  to  threaten  troops'  health.  The  challenge  to  military  health 
officers  is  to  detect  and  avoid  the  apparently  rare  cases  of  extremely  contaminated  water. 

Although  many  different  pesticides  were  found  in  large  bodies  of  water  such  as 
rivers,  streams,  lakes,  aquifers,  and  oceans,  the  levels  of  the  pesticides  measured  in  these 
waters  typically  were  below  both  the  ADI-  and  LD50-based  screening  concentrations, 
except  for  leptophos  (see  Tables  23  and  24).  However,  leptophos  has  not  been 
manufactured  since  1976,  and  the  one  reported  detection  level  was  immediately  after  its 
application;  hence,  its  typical  concentration  is  likely  to  be  below  the  screening  level. 
Therefore,  ingestion  of  typical  pesticide  concentrations  in  water  by  military  personnel  for 
periods  lasting  up  to  7  d  or  up  to  1  y  should  not  degrade  performance  or,  it  would  appear, 
produce  any  other  acute  or  subchronic  health  effects.  Some  of  the  pesticides  may, 
however,  cause  effects  that  have  nonthreshold  mechanisms  (e.g.,  cancers),  and  exposure  to 
these  pesticides  at  even  low  levels  would  entail  some  incremental  risk.  Nevertheless, 
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aLeptopnos  has  not  been  manufactured  since  197676,  and  the  highest  monitored  concentration  for  ieptophos  was  detect 
immediately  after  its  application.  Therefore,  it  is  likely  that  Ieptophos  concentrations  in  water  typically  will  be  below  t! 
screening  concentrations. 


Table  24.  Comparison  between  ADI -based  and  LD50-based  screening  concentrations  and  highest  monitored  concentrations 
below  these  screening  levels.  (Substances  are  presented  in  order  of  the  number  of  locations  sampled). 
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on  the  basis  of  our  assessment  of  the  typical  concentrations  for  pesticides  in  water  and 
their  toxicity  following  ingestion,  we  conclude  that  treatment  of  foreign  water  supplies 
specifically  to  remove  pesticides  need  not  be  performed  routinely. 

Thus  the  greatest  threat  to  troop  health  from  pesticides  in  water  results  from  the 
infrequent,  transient  occurrence  of  extreme  contamination.  The  fact  that  such 
contamination  exists  is  documented  in  our  earlier  discussions  of  health  incidents  from 
pesticide-contaminated  water  (Table  11)  and  in  the  collected  monitoring  data 
(Appendix  C).  Acute  intoxications  from  pesticides  in  drinking  water  produced  effects  such 
as  nausea,  vomiting,  headache,  weakness,  and  blurred  vision  (see  previous  discussion  of 
pesticide-contamination  incidents).  Two  fatalities  were  reported  (Table  11). 

The  chances  of  suffering  these  effects  can  be  reduced  by  avoiding  potential  sources 
of  drinking  water  that  may  be  associated  with  extreme  pesticide  contamination.  For 
example,  some  of  the  highest  pesticide  levels  reported  in  the  monitoring  data  (Appendix  C) 
were  found  in  small  bodies  of  water  in  agricultural  areas.  These  waters  have  high 
potential  for  contamination  and  little  potential  for  dilution.  In  fact,  pesticide  leachate 
and  runoff  in  wells  near  agricultural  activities  caused  some  of  the  poisoning  incidents 
described  in  Table  11.  There  are  other  situations  that  could  potentially  result  in  extreme 
pesticide  contamination  of  water,  such  as  the  direct  application  of  pesticides  to  water  to 
control  malaria-bearing  mosquitoes,  schistosome-bearing  snails,  or  aquatic  weeds.  There 
are  also  unconfirmed  reports  from  Africa  and  South  America  of  people  adding  pesticides 
to  rivers  and  lakes  to  stun  or  kill  fish,  which  then  float  to  the  top  and  are  collected  for 
consumption.  Consequently,  field  personnel  looking  for  water  supplies  should  be  wary  of 
using  small  bodies  of  water  in  agricultural  areas,  and  they  should  be  alert  to  the  possibility 
of  extreme  contamination  levels  when  they  are  in  areas  with  water  that  may  require 
direct  application  of  pesticides. 

However,  it  may  not  always  be  possible  to  avoid  using  small  agricultural  ponds  or 
ditches.  Usually  it  will  not  be  obvious  that  water  has  recently  been  sprayed  for  pest 
control  or  that  a  well  has  been  badly  contaminated.  Thus,  in  order  to  prevent  the  use  of 
water  with  extreme  pesticide  content,  field  methods  for  detecting  gross  pesticide 
contamination  are  needed.  However,  developing  suitable  detection  methods  is  very 
difficult  because  there  are  so  many  different  pesticides  that  are  used  around  the  world  and 
can  be  found  in  water  (see  Table  12  and  Appendix  C). 

The  organophosphates  are  a  candidate  class  of  pesticide  for  field  detection  because 
of  their  acute  toxicity  and  widespread  use,  estimated  to  be  60%  of  pesticide  use  outside  of 

Q 

the  U.S.  and  Western  Europe  by  1990.  Field  methods  may  already  exist  for  detecting 
total  organophosphates  in  water.95  The  organochlorines  are  also  widely  used,  particularly 
in  the  developing  countries.  For  example,  BHC  and  DDT  are  estimated  to  constitute  50% 
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of  the  pesticides  used  in  India.90  The  organochlorines  do  not  lend  themselves  to  field 
detection.  Their  detection  requires  equipment  (e.g.,  gas  chromatographs)  that  is  not 
normally  available  in  the  field.  However,  immunoassay  techniques  may  be  the  basis  for 
future  development  of  field  methods  for  individual  organochlorine  pesticides. 

If  the  military  undertakes  research  to  develop  organochlorine-pesticide  detection 
capabilities,  lindane  appears  to  be  the  best  pesticide  for  initial  consideration.  Lindane  is 
used  in  large  quantities  in  practically  all  parts  of  the  world,  and  it  is  soluble  in  water  at 
levels  well  above  acutely  toxic  concentrations.  Of  all  the  pesticides,  lindane  has  the 
greatest  likelihood  of  being  present  at  toxic  levels  and  consequently  appears  to  pose  the 
greatest  threat  to  troop  health.  The  other  organochlorine  pc  iticides  used  in  very  large 
amounts,  DDT  and  toxaphene,  appear  to  present  less  significant  risks. 

An  important  issue  related  to  the  detection  of  high  pesticide  contamination  is  the 

extent  to  which  taste  and  odor  can  be  relied  upon  to  protect  against  the  use  of  dangerously 

contaminated  waters.  Two  separate  incidents  involving  the  contamination  of  public-water 

supplies,  with  resulting  illness,  suggest  that  odor  cannot  be  used  as  a  reliable  warning,  at 

least  not  for  all.pesticides.  In  one  case,  local  health  officials  received  complaints  that  the 

water  tasted  like  gasoline  or  kerosene.  In  the  other  case,  one  resident  complained  that 

the  tap  water  was  milky  white  and  smelled  like  insecticide  spray.  The  water 

contaminant  in  both  of  these  incidents  was  chlordane,  which  has  a  reported  odor  threshold 

of  0.5  to  2.5  pg/L  (see  Appendix  B).  The  chlordane  concentrations  that  caused  these 

16  6  IS 

poisonings  were  up  to  6600  pg/L  in  one  case  and  up  to  1.2  x  10  pg/L  in  the  other.  In 
both  incidents,  however,  the  pesticide  concentrations  were  above  organoleptic  detection 
thresholds  and  were  high  enough  to  give  the  water  an  objectionable  taste.  Nevertheless, 
at  least  some  people  still  drank  enough  of  the  pesticide-containing  water  to  suffer  a  toxic 
reaction.  The  foul  taste  brought  the  situations  to  the  attention  of  public  health  officials 
and  no  doubt  served  to  limit  the  extent  of  exposure;  however,  the  fact  remains  that  some 
people  still  chose  to  drink  the  water  and  were  poisoned.  This  demonstrates  that  taste  and 
odor  cannot  be  relied  upon  to  protect  the  individual  soldier  against  all  dangerously  high 
pesticide  contaminations. 
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RECOMMENDATIONS  FOR  FURTHER  RESEARCH 

1.  Protection  against  the  use  of  water  highly  contaminated  by  pesticides  requires 
the  ability  to  detect  contamination.  Because  there  are  so  many  individual  pesticides  that 
could  be  present,  techniques  for  detecting  classes  or  groups  of  pesticides  would  be  of 
greatest  practicality  in  determining  that  a  water  source  is  safe  to  drink. 

2.  Some  pesticides  are  used  widely  enough  and  are  toxic  enough  to  warrant  the 
development  of  field-detection  techniques  for  individual  pesticides.  Lindane  is  the  most 
notable  among  these,  but  the  development  of  tests  for  some  of  the  other  pesticides  likely 
to  be  present  at  high  concentrations  should  also  be  considered.  The  new  immunoassay 
techniques  appear  to  be  promising  for  this  purpose. 

3.  There  may  be  situations  in  which  the  only  available  water  is  highly  contaminated 
by  pesticides.  The  treatability  of  pesticides  most  likely  to  be  contaminating  the  water 
should  be  evaluated.  Lindane  is  the  most  notable  among  these,  but  the  organophosphates 
(e.g.,  malathion  and  parathion)  should  also  be  considered  for  study. 
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APPENDIX  A 

PESTICIDE  USE— INFORMATION  SOURCES 

The  literature  of  pesticide  usage  statistics  is  voluminous.  At  present,  there  is  no 
single  guide  to  this  subject  on  a  worldwide  basis.  In  the  following  sections,  the 
characteristics  of  available  pesticide  data  sources  and  their  use  in  this  project  will  be 
discussed.  These  data  sources  and  information  gathered  from  various  journal  articles  have 
provided  a  basis  for  the  selection  of  pesticides  to  be  further  examined  and  screened. 

I.  International 

A.  FAQ  Production  Yearbook.1  This  compilation  is  the  most  complete  annual 
record  of  world  agricultural  statistics.  It  is  compiled  from  national  reports.  Pesticide 
data  generally  refer  to  pesticides  used  in,  or  sold  to  agriculture  by  country.  They  are 
shown  in  terms  of  active  ingredients,  except  for  some  countries  where  data  refer  to 
formulation  weights.  Unfortunately,  only  a  few  major  organochlorines  (DDT,  BHC,  HCB, 
lindane,  aldrin,  and  toxaphene)  and  some  organophosphorus  compounds  (parathion  and 
malathion)  tre  identified  individually.  All  other  pesticides  are  listed  by  group  such  as 
pyrethrum,  botanical  insecticides,  arsenicals,  carbamate  insecticides,  etc.  This 
compilation  has  been  very  useful  in  identifying  pesticide  usage  in  foreign  countries. 

B.  Summary  of  Replies  to  the  Questionnaire  on  Good  Agricultural  Practice  in 
the  Use  of  Pesticides  in  the  Production  of  Some  Important  Selected  Foods.  This 
document  was  prepared  for  the  Joint  FAO/WHO  Food  Standards  Program,  Codex 
Alimentarius  Commission  by  the  Canadian  Delegation  to  the  Codex  Committee  on 
Pesticide  Residues.  It  provides  statistical  tabulations  on  (1)  crop-pesticide-country, 
(2)  country-crop,  (3)  pesticide-crop,  and  (4)  pesticide-country.  There  were  34  countries 
cooperating  in  this  survey.  However,  not  all  of  the  major  crops  were  included. 

C.  Farm  Chemicals.  This  monthly  trade  journal  periodically  publishes  an 
exclusive  report  on  U.S.  and  world  markets  by  crop,  type  of  pesticide,  and  area  of  the 
world.  Its  statistics  and  forecasts  are  based  cn  confidential  surveys  of  leading 
international  marketers.  The  last  report,  "A  Look  At  World  Pesticide  Markets,"  was 

3 

issued  in  1981.  In  this  report,  the  five  largest  single-crop  markets  worldwide  in  1980 
were  identified  as  com,  rice,  cotton,  soybeans,  and  wheat.  Further,  it  projected  that  by 
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1988  worldwide  sales  would  top  $14.5  billion  and  that  U.S.  sales  would  exceed  $4.4  billion 
at  the  user's  level.  Big  increases  were  also  projected  for  Brazil,  the  People's  Republic  of 
China,  Mexico,  and  Japan. 

D.  GIFAP  Bulletin.4  This  is  the  official  publication  of  the  International  Group 
of  National  Associations  of  Agrochemical  Manufacturers.  Issued  monthly  in  Brussels, 
Belgium,  it  covers  all  aspects  of  agricultural  chemicals.  Information  on  production, 
supply,  marketing,  and  use  of  pesticides  in  various  member  countries  is  provided 
periodically  by  types  of  pesticides.  Specific  crop-pesticide  information  is  provided 
periodically.  It  is  a  good  source  for  data  on  marketing  and  supply  of  pesticides  on  an 
international  basis. 

E.  Future  World  Market  Demands  for  Pesticides  and  Their  Specific  Roles  in 
Crop  Protection.5  This  is  perhaps  the  only  publication  that  provides  data  on  pesticide 
usage  by  geographical  regions  of  the  world.  Although  the  report  was  published  in  1975,  it 
does  contain  a  comprehensive  review  of  the  status  of  the  world  market  for  pesticides  at 
that  time.  It  also  gives  some  tentative  estimates  of  the  likely  demand  for  each  of  the 
main  classes  of  pesticides  up  to  1990,  arranged  by  chemical  types,  selected  countries,  and 
some  major  crops. 

II.  United  States 

A.  U.S.  Department  of  Agriculture  Publications 

<3 

1.  The  Pesticide  Review.  This  is  an  annual  statistical  compilation  of 
pesticide  use,  production,  and  trade  in  the  U.S.,  issued  by  the  Department '  s  Stabilization 
and  Conservation  Service  since  1952.  This  publication  is  probably  the  most  widely  used 
and  quoted  source  of  data  on  pesticides,  their  production,  and  use  in  the  United  States. 
Until  1978  it  was  usually  published  about  18  months  after  the  end  of  the  most  recent  years 
for  which  data  were  included.  Unfortunately,  the  1978  report  was  the  last  one  issued. 

2.  Farmer's  Use  of  Pesticides.  This  is  a  periodic  farm  survey  on  the  use 
of  pesticides  on  different  crops  and  classes  of  livestock  in  different  areas.  These  data 
were  to  provide  a  basis  for  estimating  the  costs  and  benefits  of  pesticides  and  to  serve  as 
a  measure  of  change  in  pesticide  use.  To  date,  five  separate  surveys  have  been  published: 
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1964,  1866,  1971,  1876,  and  1982.  Major  usee  are  lifted  by  types  of  pesticides  and  by 
crops.  These  surveys  are  the  most  comprehensive  available  on  pasticide  use  in  this 
country.  Unfortunately,  the  1982  survey  excluded  California  and  twelve  other  states  in  its 
estimates. 

Q 

3.  Farm  Pesticide  Supply-Demand  Trends.  This  report  is  prepared 
annually  to  show  the  pesticide  situation  and  outlook  information.  Supply  data  are  based  on 
a  survey  of  pesticide  manufacturers  and  on  discussions  with  distributors,  while  demands 
are  based  on  January  farmer  planting  intentions  and  on  available  data  on  use  rate.  One  of 
the  most  helpful  tables  lists  herbicide,  insecticide,  and  fungicide  usage  by  crop  for  the 
U.S.  and  the  rest  of  the  world  in  1980.  This  provides  important  information  on  the  relative 
amount  of  pesticides  used  on  various  crops  in  the  U.S.  and  the  rest  of  the  world.  These 
reports  have  been  issued  annually  since  1975. 

B.  U.S.  International  Trade  Commission. 

‘ '  9 

1.  Synthetic  Organic  Chemicals — United  States  Production  and  Sales. 
This  annual  report  covers  most  synthetic  organic  chemicals.  It  does  not  include  inorganic 
pesticides  nor  all  organic  pesticides.  Data  are  reported  by  producers  for  only  those  times 
where  the  volume  of  production  or  sales  exceeds  1000  pounds  or  the  value  of  sales  exceeds 
$1000.  One  chapter  is  devoted  to  pesticides  sales  and  production  by  dollar  volume  and 
pounds.  Very  few  of  the  major  pesticides  are  accounted  for  individually,  and  most  of  them 
are  lumped  together  into  large,  general  categories. 

C.  U.S.  Environmental  Protection  Agency. 

1.  The  most  recent  publication  issued  by  EPA,  Pesticide  Industry  Sales 
and  Usage,  1982  Market  Estimates10  provides  user  expenditures  for  pesticides,  and  the 
volume  of  active  ingredients  for  U.S.  pesticides  used  by  class  and  sector  for  1982. 

D.  Others 

1.  The  Kline  Guide  to  the  Chemical  Industry.11  This  guide,  revised 
periodically,  provides  information  on  U.S.  production,  sales,  and  prices  of  selected  basic 
toxicants  from  1970  to  1979.  The  pesticide  section  is  limited  to  synthetic  organic 
toxicants  and  formulated  pesticides. 
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APPENDIX  B 

ORGANOLEPTIC  THRESHOLD  CONCENTRATIONS  IN  WATER 
FOR  SEVERAL  PESTICIDES 

This  appendix  presents  the  threshold  concentrations  in  water  for  the  detection  of 
organoleptic  (e.g.,  taste  and  odor)  properties  of  several  pesticides  (Table  B-l). 
Odor-detection  data  thresholds  are  given  for  all  pesticides  listed.  In  addition,  a  taste 
threshold  is  reported  for  2,4-D. 
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Table  B-l.  Organoleptic  threshold  concentrations  in  water  for  several  pesticides. 


Pesticide 

Threshold  concentration2 

Ref. 

Aldrin 

0.017  ppm  min.  odor 

1 

Aluminum  phosphide 

0.00020  mg/L  min.  odor*3 

2 

Chlordane 

0.0005  ppm  min.  odor® 

0.0025  ppm  min.  odor® 

1 

1 

Chlorpyrifos 

0.0008  mg/L  min.  odor 

0.0016  mg/L  max.  odor 

0.0012  mg/L  mean  odor 

3 

DDT 

0.35  ppm  min.  odor 

1 

Dieldrin 

0.041  ppm  min.  odor 

l 

Dinoseb 

0  9 

0.032  mg/L  min.  odor® 

0.08  mg/L  max.  odor 

0.056  mg/L  mean  odor 

3 

Endrin 

0.018  ppm  min.  odor 

1 

Heptachlor 

0.02  ppm  min.  odor 

1 

Lindane 

12.0  ppm  min.  odor 

0.00125  ppm  min.  odor' 

1 

Malathion 

1.0  ppm  min.  odor 

1 

Methoxychlor 

4.7  ppm  min.  odor 

1 

Azinphosmethyl  (guthion) 

0.0002  ppm  min.  odor 

1 

Dimethyl  parathion 

0.0123  ppm  min.  odor 

1 

Oxydemeton 

0.01  mg/L  min.  odor 

4 

Parathion 

0.04  ppm  min.  odor 

1 

■ 
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Table  B-l.  (Continued) 


Pesticide 

Threshold  concentrationa 

Ref. 

Toxaphene 

0.14  ppm  min.  odor 

1 

0.0052  mg/L  min.  odorS 

5 

Trichlorfon 

0.01  mg/L  min.  odor 

4 

2,4-D 

3.13  ppm  min.  odor 

1 

0.01  mg/L  min.  tasteS 

6 

2,4,5-T 

2.92  ppm  min.  odor 

1 

a  At  60°C  in  water  unless  otherwise  indicated. 

b  Aluminum  phosphide  reacts  with  water  to  release  phosphine  gas,  hydrogen  phosphide. 
This  value  is  for  phosphine  in  water. 

c  At  60°C  in  water;  5%  granular, 
d 

At  60°C  in  water;  40%  wettable  powder. 

6  At  60°C  in  water;  butterscotch  odor, 
f 

At  60°C  in  water;  11.7%  gamma-isomer,  and  13.6%  other  isomers. 

*  In  water;  no  temperature  given. 


Volume  2,  Pt.  2 


REFERENCES  FOR  APPENDIX  B 

1.  Sigworth,  E.  A.,  "Identification  and  Removal  of  Herbicides  and  Pesticides,"  I.  Am. 
Water  Works  Assoc.  57,  1016-1022  (1965). 

2.  Amoore,  J.  E.,  "Odor  as  an  Aid  to  Chemical  Safety:  Odor  Thresholds  Compared  with 
Threshold  Limit  Values  and  Volatilities  for  214  Industrial  Chemicals  in  Air  and 
Water  Dilution,"  I.  Appl,  Toxicol.  3,  272-290  (1983). 

3.  Alexander,  H.  G.,  W.  M.  McCarthy,  E.  A.  Bartlett,  and  A.  N.  Syverud,  "Aqueous  Odor 
and  Taste  Threshold  Values  of  Industrial  Chemicals,"  I.  Am.  Water  Works  Assoc.  74, 
595-599  (1982). 

4.  American  Society  for  Testing  and  Materials  (ASTM),  Compilation  of  Odor  and  Taste 
Threshold  Values  Data.  F.  A.  Fazzalari,  Ed.  (ASTM,  Philadelphia,  PA,  1978). 

/  * 

5.  Cohen,  J.  M.,  G.  A.  Rourke,  and  R.  L.  Woodard,  "Effect  of  Fish  Poisons  on  Water 
Supplies.  Part  2:  Odor  Problems,  "  1.  Am.  Water  Works  Assoc.  53,  49-52  (1961). 

6.  McKee,  J.  E.,  and  H.  W.  Wolf,  Eds.,  Water  Quality  Criteria.  California  State  Water 
Resources  Control  Board,  Sacramento,  CA,  California  State  Printing  Office, 
84278-983,  Publication  No.  3A  (1963),  2nd  ed. 


66 


Volume  2,  Pt.  2 


APPENDIX  C 

MONITORING  DATA  FOR  PESTICIDE  LEVELS  IN  WATER 


This  appendix  contains  the  water-quality  monitoring  data  for  the  pesticides 
discussed  in  this  report.  The  concentration  data  are  for  waters  outside  of  the  U.S. 
However,  we  have  included  some  data  for  U.S.  waters.  In  Tables  C-l  through  C-41,  if 
only  an  average  value  was  given,  the  maximum  column  shows  zero. 

The  pesticides  in  this  appendix  are  arranged  alphabetically,  except  for  those 
pesticides  reported  only  once  in  the  literature,  which  are  listed  together  in  the  final  table 
(Table  C-42).  An  alphabetical  list  of  the  pesticides,  giving  the  corresponding  table  number 
and  Chemical  Abstracts  Service  (CAS)  registry  number,  is  presented  below.  The 
underlined  pesticides  were  subjected  to  secondary  screening. 


CAS  CAS 

Table  registry  Table  registry 

Compound  *  '  No.  No.  Compound  No.  No. 


Aldrin 

Bayluscide 

Benthiocarb 

BHC 

alpha- 

beta- 

gamma-  (lindane) 
Captafol 
Captan 
Carbaryl 
Chlordane 
cis- 
trans- 

Chlorobenzilate 

CNP 

2,4-D 

DDD,  o,p’- 

DDD,  p,p'- 

DDE,  o.p '  - 
DDE,  p,p  - 
DDMU 
DDT,  o,p’- 
DDT,  p,p- 
Diazinon 
Dichlorvos 


C-l 

309-00-2] 

C-2 

140-04-8] 

C-3 

28249-77-8] 

C-4 

608-73-1] 

C-5 

319-84-6] 

C-6 

319-85-7] 

C-7 

58-89-9] 

C-42 

2425-06-1] 

c-a 

133-06-1] 

C-9 

63-25-2] 

C-10 

57-74-9] 

C-ll 

5103-71-9] 

C-12 

5103-74-2] 

C-42 

510-15-6] 

C-13 

1836-77-7] 

C-14 

94-75-7] 

C-42 

53-19-0] 

C-15 

72-54-8] 

C-42 

3424-82-6] 

C-16 

72-55-9] 

C-42 

1022-22-6] 

C-17 

789-02-6] 

C-18 

50-29-3] 

C-19 

333-41-5] 

C-42 

62-73-7] 

Dieldrin 

Dimethoate 

Endosulfan 

alpha- 

beta- 

Endrin 

EPN 

Fluometuron 

Fluridone 

Heptachlor 

epoxide 

Hexachlorobenzene 

Leptophos 

Malathion 

Methoxychlor 

Mevinphos 

Monocrotophos 

Oxadiazon 

Parathion 

Parathion,  dimethyl 

PCP-Na 

Phosphamidon 

Toxaphene 

Trifluralin 

Trithion 


C-20 

[60-57-1] 

C-21 

[60-51-5] 

C-22 

[115-29-7] 

C-23 

[969-98-8] 

C-24 

[33213-65-9] 

C-25 

[72-20-8] 

C-28 

[2104-64-5] 

C-27 

[2164-17-2] 

C-28 

[59756-60-4] 

C-29 

[76-44-9] 

C-30 

[1024-57-3] 

C-31 

[118-74-1] 

C-42 

[21609-90-5] 

C-32 

[121-75-5] 

C-33 

[72-43-5] 

C-34 

[7788-34-7] 

C-42 

[6923-22-4] 

C-35 

[19666-30-9] 

C-36 

[5«  -38-2] 

C-37 

[298-00-0] 

C-42 

[608-93-5] 

C-38 

[13171-21-6] 

C-39 

18001-35-2] 

C-40 

[IE  82-09-8] 

C-41 

[786-19-6] 
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Table  C-l.  Monitoring  data  for  aldrin  in  water. 


Volume  2,  Ft.  2 
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Table  C-l.  (Continued) 


Volume  2,  Pt.  2 
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Table  C-l.  (Continued) 


Volume  2,  Pt.  2 
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pth  of  SOO  a. 

Depth  of  1000  ■. 

Detection  Halt  ■  S.O  ppb 


Table  C-2.  Monitoring  data  for  bayluscide  in  water. 


Table  C-3.  Monitoring  data  for  benthiocarb  in  water. 


Volume  2,  Pt.  2 
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Table  C-4.  Monitoring  data  for  total  BHC  (mixed  isomers)  in  water. 


Volume  2,  Pt.  2 
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BERING  SEA  OCE  1  0.003S0 
BERING  SEA  OCE  I  0.00400 
BERING  SEA  OCE  I  0.00320 
EAST  CHINA  SEA  OCE  I  0.00130 


Table  C-4.  (Continued) 


Volume  2,  Pt.  2 
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Table  C-4.  (Continued) 


Volume  2,  Pt.  2 
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Table  C-4.  (Continued) 


Volume  2,  Pt.  2 
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Table  C-5.  Monitoring  data  for  alpha-BHC  in  water. 


vt 

*  \ 

a 

£  a 

i  I 

;  $ 


gjj  ^  N  |  M  g  NJ  *^  *"»  *^  ^  S 

3  5  5  3  3  3  3  uj  u  uj  uj  uj  5  3  S  <  5  j  ^ 

Ui  u  W  U  X 


•  •  •  •  • 


oooooo  OOOOOOOOOO  oooo 


»  •  I  •  t 

o  o  o  o  o 


llltllii 


300©OQOOOOOOmo52?8 

O  o  OOOOOOOOOOOOOOO 


5  J  uuJu4UJyuiui>  >KW>MUyuJu  ql  t-  y 

5  R 


8  8 


Volume  2,  Pt.  2 


8  “  W 

3  *  5»  < 

«•  „  3  „  *  «• 
H 3$ s 

••%:3 


3  is  5 

x*»  i 

I5(3lSsS^iil'§<  —  =  —  3 

is  22  a 3  3 3  5a  gw  sis  w 

8888  8S8fc  *“•  g  SS  2  S 

Ida  aa  a  a  a  3  3  3  5  *  3?  33  5  I  ell  a  * 

8888888S  5«S  =  v£^^V-V5 

2 I  SI  5  |  3  8  8883g§gi|&fc&&5 

5555  5555  5558Hw8SS2i2222 


gets  33  3  j  5 

5  55  55  58  2: 


UU  u 


p*  r-  r-  r- 

ft  fcfc  fc 

«J»  O  O  to 


77 


Table  C-5.  (Continued) 


Volume  2,  Pt.  2 


*  ° 

a 

i  l 

*  5 

•9  * 


55  N  N  N  M  M  fg  NNNNNNMNNM  «SJCM  Psl  «\l  CM  CM 

ttNNKK.Ni>,  r**  r*  n  s  r>  r-s  PF  r*F  Pf  N*  r>  Pf  p*.  pf  im 

hNNNNNNNNNNNNNNNMNN  N  N  N  N 

Macc«Bt(aaaccsBKOi«««iKae  oc  ec  ec  <x 

KiSiisSiSiSiSisiSi!!!  x  S  x  £ 


w  w  «  o 


O'—  oooocOoooooooooooo  OOOOO 


nisi 

«m  cm  irt  ■—  •— 


8g8S»!2  =  =  S8888S88SR8St8S 

•  •••••••«•«•••••••  •  I  •  •  I 

OOOOOOOOOOOOOOOOOO  OOOOO 


n  tf)  —  »“  F*  i*  F*  F"  Fi  f~  F*  F»  ^  f*  P*  F* 


a  >  »  > 

I  "  IF  •« 

a  oc  k  « 


oc  oc  oc  ac  ac  a  ac 


oc  oc  ec  oc  oc  ec 


s  >  2 

UJ  oc  m  > 

OC  >  U1  OC  OC  oc  « 

SS  £  £  w  “ 

»«♦  W  «  Ot  K  M  M  S  Ui 

a  >  ui  y  uj  es  oc  S  oc  to 
~  >  S  uj  »  2  u  2 

CD  OC  X  M  Q(  I  S  o  c 

oc  «  *  *  —  oc  S 

W«S  •  S  *  g  S  «  U,  . 

.-ESS 


^  j  *  -  “  - 

s£=ssi 


UJ  •  I  5  K  I  W  •  Z  V)  OC  VI  ^ 

•|J  ^  U,  •  M  M  S  H  *  •  SC 

S  *  *  §  2  S  «  *  IS  I  S  5  8  w  ®  a  »  * 
2  i  .  _i  ji  .sssisi^uJs|a 
S* £ W 2 d *ff ¥  •8*18588  8 

3sgig*t;S$Sis§l*iS2 


j*  2  S 

W  <  .* 

S  5  Sjg 

.*  *  1 

N  OC  » 

K  W  U  J 

3  1  _  8 


uj  y  uj  y  »ii  y  ui  y  ui  y  uj  y  ij  y  y  y  y  y  y  y  y  y  uj  y 

2ifl3t3ooa3ij(333338353!333  3  3  3  3 

ISuuuuuuuuuuuuuuuouowuuuu 

Siiiiiiiiiiiiiiiiiiiiiii 


^  A>  At  ^  ft.  (L  Ck 
£*  8  £  £  *  8 


&  ft  Ol  ft>  CL  ft 
iii  y  y  y  y  y 

cc  (jc  qc  oc  3  oc 


oc  oc  oc  oc 


O  o  Q  O  OOOOOOOOOO  o  o 
uj  uj  uj  uj  uj  uj  y  y  uj  uj  uj  UJ  y  uj  y  uj 


o  o  o  o 


78 


HCRZ72 


Table  C-5.  (Continued) 


Volume  2,  Pt.  2 


A 
« 

! 13 


t 


o  5 


g 


is 


s 

8 


(v  <M  (m  <vi  cm  co  eo  co  co  co  co  co  co  f«.  f«v  n  n  (v  (vi  <n  rv 

NMNNNl&S&StS|ScS|Sc|S|3||| 
s  oe  at  k  ae  3o  u3uSQ3set  1  ^  §  i  s  I  s 


§ 


dodo  —  oooooe 


doooodoooo 


co  \e  (vi  (vi  12 
“  in  C  S  fi 


_  _ 

•  ••••  *  •  ((I  •«••••  •••!••* 

00000<VI(VJC>—  oooooooooooooo 


s 


*—  r—  *—  co  CO  c  o 


jo  jo  jo  cm  m  *-  co 


OC  CB  OC 


t<  >  Ul  u  III  III  Ul  u  > 

i «  8 088888s 


1/1 


s  5 

gg 


*3 


» &  | 


-S«  I  k|I 
SM2ssl»Sl* 

7-nS^c.i2> 
ipvtw  S< 

(M.?§.sssiiiiii 

.  W  w  »»  W  1/1  U*>  1/1 


v» 


252188888  . 

in  n  vi  _  g 

Sl<1353<3 

ii ss is  ss  ^ 


ssSSSsIslIIslsg 


79 


NORTHERN  IRELAND,  LOUGH  NERIGH,  BLACKUATER  RIVER  RIV  30  0.00900  0.00000  HARP 7 7 


Table  C-5.  (Continued) 


Volume  2,  Pt.  2 


I* 

I  1 


*  *  «r  «  *  «  «  d  «  vd  n  nn  co  co  ou 

sss«sS55£SS55^i-Si2£fii 

2  5  2  3  2  5  ^2wnmmxxxS23(Sw3 

552325SaSaS5188S5?5SiJtS 


O  U  W  O  O  U  X 


Sb8s8sSoo5 
•  ••••#«••• 
ooooooooo*— 


8 S? X 8  88  88 E 
•  *##•••#•• 
oooooooooo 


fflfl^§88o«llsoo8§§*No 

III  I  •  ••  •  •  •»«•••••••#«• 

oooooooooooooooooooooo 


XXX»X3«X*—  M.X 

UOigUUigdaiKI/lKsSatKBIoooKctK 


■_>  u.  at  uj 

3  2“  _  g  SJ  S 

£  3»  5  <  *  x  —  at 

s  “  “  S  S  w  S  * 

3 1  2  £  Si“u5Sl 

X  ©  ©  *  U.  I  «  «  w 

S  ul  M  U  U.  *  ' 

?  g  e  *  *1  *  »  *s  3  s 

t2  S2  12  a  s  S  . 

o  o  ®  <  »Soi*>:#6 


»  |  °  >  '  e  * 

£S  ®  5  J- 


2  2*  < 

12  ^ 

sis 


SS  5  5  <  *“  SI  13  Si 
2?g-2o  .ss8*a 

£££H|s5||?f| 

M  M  *  X  ►-  X  fit  *  X  «  <  « 


zd  £ 

55  5  5  5  5  555*2* 

*t**m**G&& 


31 


Table  C-5.  (Continued) 


Volume  2,  Pt.  2 


■&  ° 

s  ■ 
5  I 


N  N  N  N  N 

IS  N  ts  N 

“  3  2  S  5 

X  X  x  X  5 


^  i  ^  ^  K  ^  ^  N  (■>  fS  K  K  ** 


^  M  K  M  M 


•O  *0  13  OOOOO 


^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^ 

ooooo  oooooooooo  o  o  o  o  ooooo 


l§il§§§l§§§§s8s8ssg§§§§§ 

58SS8§§§§§SSl8i88ii§§§S§ 

oooooooooooooooooooooooo 


t:  * 

O*—  OOOOO  —  —  WO  —  fl  — 


O  —  J  OQOOO^“ 

#  O-  j  n  ft  w  n  n  n 

©  1 


.Of  M  Ut  u  u  y  UJ  UJ  U1  y  3  31  X  3  «  • 
o  of  a  a;  of  oe  tt  acaoeOtfOiou 


>5si3  s 

oc 

J  S  B  M 
SO  Ui  -J  X 

iSsSS  3 


55555  $ 

*****  S 

XXXIX  5 


i  i 

3  2  2 


—  — I8*SBS2 

WUIuUJujwuO  I  u  2  3 

“22£2*5i282i*g3 

„  „  _  _ _ J  J>7  I  J  >»► 


iti 

ft  2  ft 

53  5 

Sou 


at  at  c  «  « 


3  g  j*  £  £  d  ££  g£f 

S  s  1  i  i  r  ss  la 

S  *  x  *  *  —  — —  —  — 


Ui 


80 


COASTAL  AQUIFER 


Table  C-5.  (Continued) 


Volume  2,  Pt.  2 


>  ° 

A 

I  ! 

>  3 

■s  * 


BBSS 

wall 


N  N  N  «  »  N 

iilii! 


*  <  Ti”.  T  i  'i  .  T  ^  1 

OOOOOOOOOOOOC 


«>  M  *  (nj  n 
&  fW  ^  «5 


8  r3  ig 

I  «  I 


5  S  8  S  o  <5  8 


"Sg 
£98  S 

■*§  I 

^  o  • 

«s  S  5  *  T  - 

<N4  ~  —  • 

4*  <*  •*  «•  L 

*  *  1C  <5  jg  2 

?  3  2  I  2  I  " 

•S.  c  k  *  «i  fe  i 

^  ^  ^  ^ 

vi  k  !5  **  *"  fs 

§  »i  s  5  1 1  n 

■**  «  je  k  •**  »  —  m 

r»  4i 


«•  9*  ■*“  §*  *  *  m 

U  I  x  x  ^  c  •£  •• 

vi  x  i**  ■«  x  •o  M 

W  «*•  *u  5  o  *•  *• 


W-  <-»  k.  U-  W  _ 

v>  v.  v  o  vi  <•  o  S  m 

iilslilsll 

<-»  5  9  41  ^  ^ 

vir*ixvi*v» 


o  *—  ©•—  fsi©©00©©*-© 


«0  jO  jQ 


>  >  >>kUJuJUJUJUJ>>UJ 

«S  SS5888  88  SS  8 


e  ••  *< 
t.  *  u 

QJ  «-  ■ 

**  *  © 

^5£S 

w  •>  P 

N  L*  S  .« 

5  w  t 

°  *  **  ; 
•*  3  Ul 

-  c  «  » 

s  §  ..  s 

»  L  TJ  1. 
o  cn  c  u 

..U 


^  ^  CQ 

u  -I  J  ■  X  o 

h  ui  u  u  uj  v  e  uj  ae 

J  "  H  1“  qj  x  I  <  s  LU 

_J  x  X  ►  j  «  ^  x*~ 

“S«*°  S' - -  * 

«* w 

_  «<  X  UJ  h* 

oe  et  «  j  vi  h  »  »  ox 
uj  *  u  i/i  a  «  _j  ae 


x  »  .. 

*  e  ij  t 

«  -  s  g 
S.  g 

.  *  *  •  u* 

X  O  u.  © 

g  8  “■  *  5 

*•  ••  •• 

jj  e  h  v  • 

vi  l  3  2  ts  1 

i  w  u  ^  •  •  ** 

^  w  5  w  *  c  y 

*j  «  «  ■  ■  *  *j 

<->  «* 

*  g  O  2  ft  fc  *° 

-  o  8  X  x  £  £ 


82 


Table  C-6.  Monitoring  data  for  beta-BHC  in  water. 


Volume  2,  Pt.  2 


CM  CM  <M  ^  CM 


CM  CM  CV  CM  OO  CO  00  «0  CO  00  00  00  CM  CM  CM 

§  li  §  I  **  *  *  **  *§  si  ? 


4J 

3  i 

>  u 

3 

I  I 

*  l 


ooodcjooooddoodooodooojjoo 

00 


\e  w  •  1*1  »"  N  *~ 


O  ^ 

in  Q  ^  ^ 


g8S8S88888g8Sag55ggSS8g 

»  ,  .  i  •  •  *  «  •  »  «  •  «  •  #  i  i  i  •  •  •  •  # 

OOOOOOOOOOQOOOOOOOOOOOO 


ujuiwuituiiiyuiuUMUi>>>>>>>>bj  w  w 

8888888S  8-8  88SSSSSSSS8,08^ 


!  sssssssis 

|  yUiwldU^UjQ  ^ 


oe  x  » 

U»  M4  fit 


oe  ^ot  s  o 

W  u>  •-»  UJ 
w  *  a;  W  i  > 


u  z  a;  UJ  x  >  K  X  i 

*5lSoe«5S  88 

x  OL  35  X  *  H  ui  * 

s  u>  oc  2K  uj  x  u  a  h 

•  «c  u  S  »  ad  *—  t~ 

«C  S  #  ui  — .  X  <  «  It 

>  <"•  h  U  <  Z  UJ  *>  u  H*  <  O 

uj  oo  x  i  a  “  ts  5i  ^  > 

i  1  *  as  id  •  is  ?  <  a  n  i/i 

Swu^-!nSS> 


xxxxxxx^i  8iis  is  Si  -S  S3 

£  aa«a«iiaS;235  ..it  .  ..  ..2588 

«  ss^gsssiggggilii illllgsi 

5  <<55?<5«Sugg3oSoao8o««M« 


83 


Table  C-6.  (Continued) 


Volume  2,  Pt.  2 


W-  0> 

o  *— 


►— 


n  wn  ron  go  oo 
00  00  00  €0  00  Cs  b 

Si  £  £  e  5  5 

y  W  y  y  uj  u  uj 


u 


•  •  •  •  •  • 
o  O  o  O  o  o 


ooooo  oooooooo  oo 


*—  —  in  o  O  •— 


s'l 


c 

o 


WWW  >  >>IA.UUUlQOOKX>>UiUUJ 

88853S5££8882S5S2££888 


a  f= 


wo 

s 


>  oc 

*  © 

ils 

VU  > 

.*  s 

is< 

III 

2S°° 

^  H 

2  a 
”  e  g 

WO  4/> 


< 

UJ 

8 

U 


*  OC  tit 
<  Ui  u 

2  2*5 
R«  *  a 

sjsS 

x  o  o  r* 


*5 


C9  J  L  O 

S  IT  3  |  is 

5<d5I 

=  §8  =  1 

8s:8=. 

833I2 

wi  h  ^  os 


UJ  •  •  *  H  *  UJ  UJ 

UujUJy»*buZ> 

<  <  «c  <  <  X 

8  2  *  -*  * 


WO 

3* 

88 

82 


&&sS3SS8S88-9  is 

MMMa,h&WU  yul  Uitt  <  U  f 


tnifl  Vi  “ 


O.ft.Q.ft.a.0^  - 


<  ax  wo  wo  wo  wo  wo*  n  s  •  •  •  •  •  <  uj  wo  or 

m  «  h*  m  mi  U  H  U  W"  H*  *  O  5K  2 

u.  x  o  o  00  o*v’iflvivivoviva<  ui* 


55 

UJ  UJ 

88 

55 

a  a 


0  «  a  5 
•  si  ?  2 

5555 

UJ  S  H  H 

U  O  h  •• 

SUKK 


a  S  »  fc* 
5  S  5  uj 

2g  2“ 
55  5  5 

u-  *-  ►»  = 

!■*  *■•  M 

uu  u* 


-  _J  <  < 

—  —  a  a 


5  5  5  5 

ag  ag 

T"1 


SloSSSojj-jn 

^5*555522 • 

M  M  Ml  M  M  0  Z 

OOKtftfXXS  •  2 

- 

•  •  »  *  *1  2  o 

«  «  <c  «  «  3  3 

M  ^  M  M  t>a  .J  y  U 

4/0  wo  wo  wo  wo  ae  oc  •— 


5  3  >-  ►  >-  £  w  w  u  u. 
3  <  <  <  <  <  x  x  — 


<  < 

UJ  UJ 

8  8 
o  o 


2  a 

tt.  A. 
•  • 
3E  « 


84 


Table  C-6.  (Continued) 


85 


Table  C-7.  Monitoring  data  for  gamma-BHC  (Lindane)  in  water. 
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Table  C-7.  (Continued) 
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Table  C-8.  Monitoring  data  for  captan  in  water. 
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Table  C-9.  Monitoring  data  for  carbaryl  in  water. 


Table  C-10.  Monitoring  data  for  chlordanea  in  water. 
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Table  C-ll.  Monitoring  data  for  cis-chlordane  in  water. 
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Table  C-ll.  (Continued) 
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Table  C-12.  Monitoring  data  for  trans-chlordane  in  water. 
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Table  C-12.  (Continued) 
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Table  C-13.  Monitoring  data  for  CNP  in  water. 
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Table  C-14.  Monitoring  data  for  2-4.D  in  water. 


I*  •— 
• 


# 

8 

^  ••CM 

s  S  °  •  - 

Ml 

N  « I  ••  ••  L 

tf  »  $  g  3 

2  *  a  ;S  5  * 

II  1x2  i5 

VI  +*  W  **  •» 

*»  B**®*1*-  ® 

8  *  S  r  8  w  8  *• 
S  35~ 

«  a.  ■«•  ci  *  <e  « 

*»*£•£  c  >  U 

I*-  "  2  *.  2  5  I  | 

O  «.  k-  S  o  Si  S 
•—  o  o  v  *o  — 

tf  k.  k>  k  V  k  k 

•"kkovlowy 

S|f stlsll 

a  2  Jl  —  JH 


* i  * 

*  a. 

<•  4i 

•  *  «  k. 

c  •—  « 

•**  ••  V* 

W  k.  JU  •• 

S  w  k 

«  V  U 

^  m  *  *• 

12  *  «  S 

u  «  u 
c  «  • 

8  ¥ 

1  H* 

N  2  N  N 

•  uo  j 

2  *  •  *  vi 
u  i  k 

Ql  •» 

if  3  jS  Si 
«'s5  s 
■3**2 

W  «  H  a  • 
a9  i* 

X  Q  U.  I| 

•  OC  <  *  £ 

a  e.  «  J 

3  *•  ••  •• 

“  *  S  fc  2 
..  t  8  £  58 

g  U  O  L  * 
|  I  ■  ■  « 

*>  K  Ul  >  (- 

,  oc  y  “  iC 
fc  <j  o  oe  » 


Volume  2,  Pt.  2 


102 


Table  C-15.  Monitoring  data  for  p,p’  -DDD  in  water. 
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able  C-16.  Monitoring  data  for  p,p‘  -DDE  in  water. 
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Table  C-17.  Monitoring  data  for  o,p*  -DDT  in  water. 
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Table  C-18.  Monitoring  data  for  p,p-DDT  in  water. 
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Table  C-21.  Monitoring  data  fcr  dimethoate  in  water. 
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Table  C-22.  Monitoring  data  for  endosulfan  in  water. 
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Table  C-23.  Monitoring  data  for  alpha-endosulfan  in  water. 
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Table  C-24.  Monitoring  data  for  beta-endosuifan  in  water. 
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Table  C-24.  (Continued) 
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Table  C-25.  Monitoring  data  for  endrin  in  water. 
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Table  C-26.  Monitoring  data  for  EPN  in  water. 
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Table  C-27.  Monitoring  data  for  fluometuron  in  water. 
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Table  C-28.  Monitoring  data  for  fiuridone  in  water. 
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Table  C-29.  Monitoring  data  for  heptachlor  in  water. 
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Table  C-29.  (Continued) 
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Table  C-30.  Monitoring  data  for  heptachlor  epoxide  in  water. 
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Table  C-30.  (Continued) 
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Table  C-30.  (Continued) 
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Table  C-31.  Monitoring  data  for  hexachlorobenzene  in  water. 
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Table  C-32.  Monitoring  data  for  malathicn  in  water. 
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Uncertain.  Standard  deviation:  653. 15874 

Not  detected.  Mean  of  the  natural  logarithms:  .1.60014 

Detection  1inft<1  ng/L.  Standard  deviation  of  the  natural 

Detection  Unit  «  5  ppb.  logarithms:  4.64744 


Table  C-33.  Monitoring  data  for  methoxychlor  in  water. 


Volume  2,  Pt.  2 


157 


Table  C-34.  Monitoring  data  for  mevinphos  in  water. 
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Table  C-35.  Monitoring  data  for  oxadiazon  in  water. 
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Table  C-36.  Monitoring  data  for  parathion  in  water. 
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Table  C-36.  (Continued) 
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Uncertain.  logarithms:  1.14605 

Detection  liatt  *  S.O  ppb. 


Table  C-37.  Monitoring  data  for  methylparathion  in  water. 
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Table  C-38.  Monitoring  data  for  phosphamidon  in  water. 


Table  C-39.  Monitoring  data  for  toxaphene  in  water. 
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Table  C-40.  Monitoring  data  for  trifluralin  in  water. 


Volume  2,  Pt.  2 
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Table  C-41.  Monitoring  data  for  trithion  in  water. 
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Table  C-42.  Pesticides  for  which  monitoring  data  were  reported  only  once  in  the  literature. 
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Table  C-42.  (Continued) 
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